DLL! m д ا‎ 
ina ste V 


ho лор reden Ыл hi ЗАДА 
еее ny nig sh ens 
Ан okay erai re 


cO REN WM RR VAN C0 nm ot i deus v ТІГЕР 


И ДАМ rq UR f tnt‏ و 
M bein TU EO T A,‏ 


ом er IAN vip f 


ПЕ зимде oti don, 
НИИТИ k 
СИИИ TD 

И танан М RIT BA Vies hut 


1 meat inj ep end nd 9 


| TORRE NEL ТИК vow ЕКОО 

А ИИОНУ OU N a Le y ee d 

" SAT Т 0 EO dod Ii O AA MM RT d HE I IN ANAA Ae A 

ER tns Bt o etel So тоюда gd фраза бали eA E Ыр 
A 


НИН КККК 


0 
Нина 
ОУЕН OU dH YT 


ИКИ 


КЕР 


DEM 


А БТИ СИИИ 
WDHB oD oh he rs] So Oe Маэ INL p rod 41 o9 d Md M КҮНҮН ИИС АС 
ИЕ RS Ie TA n at ae (eee Lie eror Пн фе чу Wenn E 
Sd de НИЕ poten НКЛ м ву ГЕ mo н 
ЕЕЕ eR ИКИ и р НИН 1 js ft 
ае don e I Rd ТОРНА oh 10 CR ДОЛ ВЛ DIE Pied yrs) 
drm Ur i oua oe абв Aor Mog Verl aer: Yo A Ce тайма P EY 
SUNT tes INI e mal Чыпта MSS иа ah тиий z 
AAA ron A; Letom АНН КОК BA Weal A oy UM AT Дан 
SUC PLE 0, AN TED НА УЛАНУ ҮН RAE "Mee donee сан 
ЕСО ИИНЕНИН НЫ НЕ 
атыны н AY arb WA тты TS Pbi ro 


, 
VAM мы мча ДИ ЧСА on 
ЕНИКИ 1r 
НИ ЖЕКЕШЕ 
ON OSSA STIR MAPS IIa) ННН 
S8 ас 41 A I A I aa ҮЛЕК He bota An CEU ct 
DUE ed ы ica ут eti ma ак M t Ye ЕНИН НИНИ 


ү! tins 


LM 
ИОТ 
ОТОЙ 


ҮННЕН ЖУН 


Sn КН АҢ n 
A. < EEEN КҮНЕЛ ESAE CIL cd ачуу и) ад Oo o on m en bo id o И ИШКИ nm Deen нука 
vts ТЫҚ ЫНА Fn HONEA РОКА Қа Bi у О АНИ КИ 

3 демек вик O AA Id OI wr CR IV a ML Ro M EL D RO SS S PRA DA МАРЫ EYES abet oto ва эй мит bans ФНО vet 


TAA Pere PA p Mal a LUNAS c e RU om 
КЕШУ p AA CSI Ho a a ga éd ed d 
Wn Pear аа Нло AS AO VALLI n THO 

Mem on 


"i 
M U АН 2 
S eie ea 


лена 


па» sg 
" 1 


MUTA 


renun 
ШЕФА ЕКА ПОЛИ АДА) 
M рибарите ана SS A на дарен нар 
ив аи ШИЙ ЖИЛ ҮЛҮ (ий VA Ie LA Ubi! 
| СИНЕ оа ну ан D "КҮҮН "uem эу Ме vant Т 
" НМА А e OE qe Hr Wii d bod oin UR 


D 
E AiG vri PUY 0 


КЕН ENIM 

we ey M A reri al UT rw TI A РН КҮНІН! 

! AA an ВК UNICI: vei A CA УНА vd n HUH 
a Дами Цика АНЫМ СЕНЫ Hx rotor 

: МИНТИ РАД РН! 


КО 
ККА ШАА 


е fy t in Doni Col dbi MAT erc rogo WAHL ОН CLE И ИН, 


: ANAL Dot rii Me ЫДА ШИИ T A КИ КИЙ 
(e VH 6d A A OR онч UMA TAE TWA НКИ 
А НЕНИИ PUPA a E eR ИЛЕК еН: 
D УИКИ A Коран и АДА едра рабат a5 АНА A) Ar nomeo ipn n ма а PUR TL 
) Peet an LAS AA ШАЯНЫ MEA HABE MIA Mea a ММТ мет на 
4 Ta CHOC ба as RC И HO HAH Y M уун Pd No EDT ea 


ШЕТПЕ 


АС ТОС A lp Ved Û OA FAN A LÛ Û A G 


пан 


Т 
Hd VAR IV e 1 I eM 


ККИ DD h 
СОНИНИ В у rd send елеем 

а PTE ed ВВ ҚА ад RH SLT а наз eda енә! ym 
А T V н Ue re ITA eT 1 Wl AA МД 


1 
ИИ 


ni 


TAI M ILE 
атаи о атгана itor iss Te ow ORA A IE A IQ \ 


ИИН 
и" 
ibe pa 
я АСИ СО А АИ СЕК NUI a A НКЕ 
1 и ^ ХОН 
ТОСТИ ЖЕКИ pec A A c VS M on M P 
" е за nod т c bn t et d Ned T LO a Преди 
" ANT Anti na re vlr s a ex DA NK rien ao oe 
® МИН КА НҮҮ ҮКЕНДЕ оиро и a MT ev RA e PARA 
TON Pt vu ow dn I be VH EIL v а TR CN CR TR Apa ne eA iad „ръкави фана 
1 Я о а vi rp a a бл ra gel ARE bo Dn чи я а 
TATUR PR OE ИИН Ж AN als ИДИК ГИД Nd about HH EPIS ИРИ W 
0 PRR ANIN И НЕ ИАН ИШИН 
‚ BEES RT A ee Me НИКЕ, ЖА Пан КУӘЛІГІ П Е ARR edidi 
Н Н Н Е НЕ ННН ТИ) зү 
VRE PRR MRA Rn A rU hve ONSTAR ОО ни 
1 ЖИ О а К НИ ATARI RI A IT AN ИЧ 1 
) ER E D, MM КН a 21 P3 ate OT tri RM 
н НІН Дека АА. Sj art E CER EB AL AE al I CA A n Пела RR TNI Wr EC НИЮ 
» DEO) Tit eme tni i HR Mee T h SUD ETYM anes РЕ M MET я UN VA TREO ny Prine LaL 
SC ETERNA Le MER EP AR Ub IRI Decr depen СА et hb ne CETERI Eu Men PUDE 
"иш ИА Mite MH MOT EA ERO cL IAE YN P Ld Lr ШУ 
i Ж АКК nb orn V ien. RPL ERA ey DD ap ue A ole и 


ЕЦ ras dog 


Ка ens 


tı 4 4 («ЖИЛ НАД 
1 ү, 1 mta ope ore t e re Ge Û e v IO Ue ELA M MR eH ne esa msn 0 Да 
по AG ve e тва Y HAE EUNT e ERI МТМ Мамин учат AVANA ка видя TEAS РОМ и d 
ОИНА НОННА ANE SHINE HOUSE PU NEN ERECTO TN Wy tobe 
VHC ei ET o E Y RE Fa FU TU eus ea HEINE I c e Ц in y ry ANA 
ah a RM ASN orti re d t nd v SR D S ага ЕИ sm ү. 
19 cu o d n И И ИНК а ТҮКЕ ҮСТІН га 


VE e et КК леген Ур КАКИЕ ИН ЕТИНИН 

ROU OUT NTE а А УИА A РЫК A E 
ОТ Питай AMARI HAST o A MI at AE 3 До Рм! 
TER P e V y MIHI 
seed dada aly ИННИ 


СИЕНА 
ОИК 


wn 


и: 
a wwe (M 90 9S4 


Кони 


Don 


a 
vise ATH че 
ЖИ КИН eat ANANAS 
UTEM Peoples А TE а ИНА кундан н уйна Кдн A Hath 
Y di Фин Им a DN На haloes ean АЛО КА doen LEIA АУ КИШ 
RR ҮҮ ва ул гази PY RH PRU 2H] ОННАН УЬ НИНЕН eap re VA 
eA MUMS Triton LL НИ АИ НИИ 
м , НЙ ЕН 


^ И t 
Vorname ee У md P YA a 
ede a ea n ar уан He POP D Ret UR A a 
Votre o eo oW а de 
MR lela ҮҮ 
аз C Mn M 
ИДЕК d 
ИТИҢ 


ңү 
ССИ 


pane st 
NL 
ЖИНГЛ ИШ ECSU ав тати aL e КИ er ET ET E 


D ey 
] Lode cet EA eA Me DA ANI 
MSS И a co rdg oa qe veas er de BU г ЕЛҮ 
VOU ET A бы ДЕВА UR vn VA n LR e КЕРҮ 

LUNAR MNT TR гӯ мала eed c OV PA NO MAE EET SEI 
Mato Eg ona A S ИШ A за ите бин аби ee evra 


vé ea rd VH МІРДІҢ e a ИТ ҮА УЗО ТЫ 


0 


HT AR PAD HE AY C t Пай 
Ум ро Дая Mab v Manan EN ctr КОГА ТҮНҮ КИТА, Pn ДАНИ neato 
И И ЕТЕД ИКОН Don КЫН ГЕН АЛЧЫ ЕТИН VETE PLE ШАН 
1 ИШАНИ ИКЕ ТЫЛДА ДУ HER URN EO ONERE TRUM ет Uer la AES ET RI P C ТА TEE 
А ООРОО кен o НЕА A e и ВОИН АПАТЫНАН Ере BUT NADEL КН 
р ] ШЦ: узи алено armari dot Е Це на чи anah ОМАН ТЕЛІГЕН eV MR abun peer irl Jana rn Mr d 
НМ en rw d C D NOE E SIR А MEAN ТЕН A 
T RI Pe (На LU ELE ERA BOR UU ДИНА ШЫН 
HAW ИДЫ СИ ДАРА ei e s очи С a ra VU адаа 1 
it ТКИ АДЕН SYM M ea 
ҮКЕ ЖИЕК ИДЕҢ КИИ 
ЕНН ИННЕТ пир | 
SUA IU RTA ҮН 
MOET TH behest HN QN ШЕНІ 
AA PULS 1-1 Aertel vie rate 
О КЕТІРЕР ML aa И 
СР 18 1138-1209 AUIBUS CAO M TAI d) К? ШІП ЖИН ШІ 
T RM eC Pe ER К) 1) К M 
РОМИ n aec вар arn et n " Lun 1 | 
edo Yo Ld e e shed ДААЛ UT "и 
мании АС Hn КЫШ ШІ 
Боде th me Ей 
MESS. 
ТТН 1 
Mi CT 
Y DES 1 m. Tm 
NN JUR TR EVE Va AA EV үй үт» PHA IMPER I x 
и КЕНИ ИН Ar ni QC D e HORE м ТІЛІНІН ДЕНІ 
E i 1 LENA Wr ШЕН ОИСИ 
VEU nd da eren Û МЕТІ ШЕ НИНИ BR LIS AS Y e VM rà n n v 
ада Ги ИКИ И e БЛА ШИН | | ET pH Дра үйүнү, 
Si ү, ИЛИЧ Rt 5 POL HH arm И Medea swine MA SUAIN Дом видно ran 
AA d Lets NN E NEN NR T Hae ТЕР DA КЕЛН АШАН ӨН 
ҮТП A AREE ET EQ ДЕ КЕТ A HUMUS ПЫН ИД ҚАЛҚАН НИЕТІН odani Maas 
И ККД DR КЕ HE Le or e E UE RO сИ АА На 
sant Te P seth d VAA PAHANG мой под дала GERI 4 PO МҮН ИН 
ЖҮ РЕНИН ЕКЕНИН ДЫҒЫ RANA 
PAA. LUA e онноро 2650 ИЕНА O na E ИЧ 
ЛИИ аа Маса и Изд ЕТЕТИН ШОЛУШЫ 
ОЛА qoos «nda AAA TM АЛИМЕНТ DT КУННИН афиша] т, RU MEAM err m ҮЗ TU 
НЕНІ ТЕТЕ үө Aro 04 5) ур ив aT 0 LAO Avg C HIA TE rear 1 ў an M 
ЕНИН НЕА ЕА ОРУН ро А, НТИ НЕНИН АИ ии 
О p i rns ӨРІЛЕДІ да И ШК ИЛКИ ТТЕ ТИ RM La d INO eer ene Re ЦАН 
үзүү) и СВ DPN A ot ҮНҮ my A UH DEAD pend a! LA ev e [ae ort ba уина лв ЧИК 
А уа Нат А H ІНЕ ИНША К АТР КИ ШТ арена ват yyy на КХТИ ҮЛТҮ RINT Ts IE " "d БАС PH аена 
(ШАН; ИКАТ, i Do S M a AY ED Ur PII A LT ИКАНА Г ИЕК НИЕ НН 
Vo a OP PO Eb tcr Eis CHE НҮН КІШІНІҢ Na ШИНДИ THN ЖЕНИШИН per SE Ree HE ҮТИ 
rl PA ANA OE d ў р 


MENEN 


Жы Wale 
КШ ми ^ 


Atte ra ett) 
SUA y ae S e D e A OPE PANEAS ИМ 


ТІЛІП 
Wo io va deer D sy fee 


PESE a ARD ка n 
TA SONS eta AR НИТО T 
ТАЛ hy ду cta UV емир эту on] TI ву АДА CN IE RUP PLAN КЫ Wa MORI npa ^ (ар 
AIR LUE EGAL OE CRETE PEON тт ами Tb hi wl олар, ККД P а Пипни брутни Hin ШИИ 
ОН LE IIS КИК CN JT А ТАШЫ ИНИ ШАГЫН 
ТЫШ ККИ НИШ SE фана ИҢ КИШ SENA NM t ER FO BLA M Ne n үү, МИНИ 
RAGAN Te PHONE ERE Td ES 


IRAE pare ОНЪА Ы, 
PATE EREN BET PORE EN КАКАН 


COONAN i то 


heyyy 
\ 


СНИ 


Да nn 
ACH n nd AMT PTT en mm ^ int 
Нали Ы " DL OH ce НЫН RT TECH вн 
RICO ws rear tate DNE OP af TREO 
TO Жыны ROI БОА wi ЖККНЫН АИК 
ЖАККА КЕКЕК MESI и СВАИ 
iA NT d Wed ҮР ТҰМАН ДІН E Seded hber V Py dede MY ata SA (ihr ні 
И АЛИН A ROLE A : PAIDAN MN PERTH a ar TT e ARE DL Haas Ve 
CO TIAE RR M И РА Иа ИМ P ТКЫ; fn НД Наи Re HR AL PR Ie Voir rt on 
rayé A A AND ре КҮН НҮ RUN rl tog Ye ia NO a: ane Value rra Stele 
НТС Н прелез de opa pe Радан ак в АСАДЫ SEU TIME DeL LAC] Mir 
inten rtu INT кеш TOME Ape nne a da ei а мета 
оти ИЗ (ЕН WADAI Le MA ЖДД Фабии ШҮН, НЕНИИ и ERA Par dana EY RR кой 
Phe ini e АР АНЫ rd Veh c A ДН E CIN MN шша ЧТ ККИ HSH НЕЗ 
ЖҮЛДЕ о тр и ЕНЕНЕ + (ive ana | 
АНРИ ККК ИРЕК ИЛЕ АНИ AV A КИНИ ЫА КНН 
' ДОРА ВИИИ ДИР БЕНЕН КЕТА ЫН рат: 
EUR UC EE VANUS MENTI 
Н Ave PU Eee a ПАР A M ERR HER A МАНИ i Eee: 
#4 у, hata ARAN O SUA etta tret TN MT A aee EDU ET MAPA MR DL 
NEA Pa ROVS AR led S RC go IY НА LUNA OVI ДЫНА RCM, А сені ме чі 5 ІТ 8 
КИНИ a Varas be Gao C АТТАН) Min CE n VY Wo er АНЕ e QS A PM ERE CM LEL iain 
ИИТ БИК ИК де НИМА май ШЕЛЛИ КИШИ ИШ ЖҮЛҮНҮ [an 
e hay Ши ео RIA A Mamm, Я 
mr 


Vi har Wo E Ha Hole ул ня Ауди бат ШҮН ШИЛ 
ТЕАИ Verre mnm ete ИИИ Д bran RNRP 
Heenan EE Mam nte pa нуе. ТЯ nl e v d Н nies V d чедо налъдидя INA RU) 
Ж аа A 


ое ЕЕН 


n AA Ao bd RM ви err али 
UV el Vor т, Rv ri V CHOR т 
eb m e hM ag eim o e с Pe ME НАИ КАНТАРИ де 
Dy rele үлкен tO RR RM тірі 
Mera ion hy pit o OMM MU RA C M m 
ИИ НЕ леда 
күнү err qoi Balen nn dee n 
UV и EVA ШШ КЕИДЕ 


Vile n beo vere ton e 
НАЕМ 


Ж 


үүн КИШ 


) т po 

A» hat Ie Y van 0 He vs кенде MO Ra ERA ие ша d а УИ Me 
ty vx vi e Ee aie! век 

ЖИТИП БЕНИТО? БИНИИ 


Nps a De 


PAST IR Tun НУНАТ 


V eq VAM AA dn HM ws RENE э 


» 
Ty Качи 
mee vineta Дама PARK i ae i у ri АД raat 
yr rye ДШИ ted n SEI 
ИИИ sir ри a Re 
Uae an ТІНТУ р Сто d ao 


VU E81 ja M To n ТИІ 


Седем дана pe aem 


Татан ИТ eL LG rev PER MIS ЕДИ S TR MER ETIN КИТҮ " 
heal qm (ed apa ta e Te AU SR IO HE PR NIVE nite UA Д ААДА ДЕН 

КИН ТЕДІ IAT Ирена кал Tie dene True тъната abu үө МИЙ yp T S ANI NEM elise thay не MANI 

Wie tpe ЕДИ ИВА NATU ADAE Fete ЧО Нери 

КИН ВАН LANA КН АЯ ) 


Males. Vistek eae 
НИ 
Tarte mun 
VM n eal 
ШАКИ 


кө 
ЕЩ 
АТА TUBBY 


ВЕН ana e HL тамақ! 


Ч i ЖШ 

НОНЕ ТООТЫН нач 

падна etr reat Yo fs CERE TUTO ч умели 
М, 


Me ra vi ree 
Porta loni wr Н 
АА 
Но у, ръба p Өң 
TON ИН 


шө, 
! “yl Ws В АМАН PE 
на Ае Ра Зан аба oet rede Pant re Сте табия 
a MN Mo estu) ТИЕКТЕР ano D ela 
PISA PIE Шала 
Eb Tenes AOI S RT Pho, Wim 
ВЕНЕ op i DI dete 
ИСКАНЕ ORE edid vals WAR 
ENT SL P: MEA 
Ана зъбната Ode e Sr d ДН» 
abs V retia ИРА е Ы И) 
tii enl Seda TAMEN I arr 


1: Mes 44 ерут aa hata tn RR AER bane a | 


| BROOKS HALL 


SAN FRANCISCO 
PUB ее МЕ, 


ОЕРАНТМЕМТ 


REFERENCE 


BOOK 


Not to be taken from the Library 


туы Se ЕДЫ, b. 
шы калалары n 
О APPLY 
ДУ Ж алы; 
А к 


Ev 


4. 
«4 У 


ELECTRIC RAILWAY 
ENGINEERING 


BY 


Н. Е PARSHALL, M.IxsT.C.E. 


CONSULTING ENGINEER 


Н. М. HOBART, M.LE.E. 


CONSULTING ENGINEER 


NEW YORK 
D. VAN NOSTRAND COMPANY 
23, MURRAY, AND 27, WARREN STREETS 
1908 


REF 

4621.33,Р25 

Parshall, Horace Field 
Electric railway 
engineering 


2 


S.F. PUBLIC LIBRARY 


got за Р2 5 


25239 


Preface 


г Тнв introduction of electricity into railway working, greatly widens Ше scope of 
electrical engineering. Heretofore the application of electricity has been of a com- 
paratively limited nature, since the amount of power that may be usefully applied 
for lighting, traction, or industrial purposes is largely limited by, and commensurate 
with, the population served. In the case of railway working these limitations do not 
exist. There are practically no limitations as to the amount of power or the distance 
to which it may be transmitted, other than those imposed by competition between 
steam and electric traction. 

While the mechanical fitness of an electrical system has been proved by such 
installations as the Baltimore Tunnel, the New York New Haven and Hartford Rail- 
way, the New York Central, the North-Eastern, the Lancashire and Yorkshire, and the 
Central London Railway, the commercial limitations imposed by its relatively greater 
first cost have yet to be demonstrated. The installations under construction, like 
those of the New York Central, the New York New Haven and Hartford, and 
the Pennsylvania Railways, will go far towards demonstrating the extent to which 
electric traction may compete with the steam locomotive. е 

The considerations which have led to the adoption of electric traction on the larger 
steam railways have generally been peculiar to the local circumstances. For instance, 
in the cases of the Baltimore Tunnel and the New York Central Railway the first con- 
sideration was to avoid the smoke nuisance in tunnels. With regard to the latter railway, 
once the necessity for electric traction had been realised, the question of additional 
improvements was taken into consideration, and such elaborate alterations to sidings, 
stations, and terminal arrangements were deemed advisable to suit the more rapid 
electrical working, that the cost as a whole was several times that necessarily incident 
to the change from steam to electricity. 

The electrical installation must of necessity, to compete with steam, be capable of 
dealing with a greater maximum demand per hour in passenger accommodation, since, 
with its power station, transforming system, and train equipment, it is of greater cost 
than the steam locomotive. The electrical installation, with its higher speeds and 
better acceleration, possesses greater mobility than a steam equipment, and the train 
may be easily split up into self-contained units to suit the varying demands of the 
traffic. Except in the case of exceedingly dense and steady traffic, the cost of working 
by electricity will, apparently for a long time to come, be greater than that of working 
by steam. It frequently happens in railway working that the advantages or dis- 
advantages of a particular kind of train service for working in or about the terminus 
of a great railway should not be dealt with by themselves, but rather as a feature of 
the system in its entirety. Thus it often occurs that the commercial limitations of a 
railway are determined by the facilities at its termini, and that improved facilities may 
mean an increase in the earning capacity of the line. Frequently the operation of 
main line trains is limited by the necessities of local traffic. There are numerous 
cases of this description where electricity may be relied upon to improve the condition 
of a system as a whole, although the local commercial advantages, taking the increased 
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cost as compared with the increased local traffic, are not at first apparent. These 
distances will undoubtedly extend as time goes on, since, with the great Improvements 
being effected in steam-driven generating apparatus, the higher pressures at which 
motors may be safely worked, and the redistribution of population incident to more 
rapid transit, the conditions now deemed favourable for electrical working on short 
lines will become common on lines extending over considerable distances. | 

In the application of electricity to long distance lines, it is to be steadily borne in 
mind that the steam locomotive has demonstrated itself to be the most efficient 
self-contained machine, considering its varying functions, that the engineer has yet 
devised, and that, to compete with this machine, every appliance entering into the 
electric traction installation must compare from every point of view, as regards 
efficiency, with this most highly developed and perfect mechanism, and that the 
electric locomotive installation duplicates, in many respects, the steam locomotive 
installation. 

It is not our purpose to undertake to predict the form that the ultimate electric 
railway installation may assume. Standardisation has been one of the great elements 
of success in steam railway working, and the future growth of electric traction will be 
slow until the standardisation phase has been reached. At the present time there exists 
a wide difference of opinion among engineers as regards the commercial advantages of 
alternating current and continuous current motors for traction. In our judgment, the 
limitation of the alternating current motor is fixed, in its relation of energy output to 
weight, by the inherent properties of single-phase commutator apparatus, and that the 
limitation of the continuous current motor will be determined by the maximum safe 
voltage at which a commutating machine can be worked. While the development of 
each class of machine has advanced beyond the point that could reasonably have been 
foreseen, and while in our judgment it is impossible at the present time to predict 
where the limitations will be reached, we are satisfied that a careful comparison of 
the two types at the present time is decidedly to the advantage of the high tension 
continuous current motor. The primary mechanical advantage of electric traction 
is obtained with either class of apparatus, owing to the fact that power may be 
distributed over the train and applied to as many axles as may be necessary to 
secure the best mechanical result. 

There is not much tó choose between the methods of control as between 
alternating current and continuous current, and in the main the points to be proved 
in the working of the two systems will be found to lie in the maintenance of the 
motor and train equipments. The terms adopted in the comparison of the properties 
of the two classes of machines leave much to be desired. In the maintenance of a 
train equipment a serious item is that of keeping the armature central in the 
fields; hence it is fundamental that motors of like power should, when compared, have 
the same mechanical characteristics ав regards weight and speed of rotor, and 
mechanical clearance. Another condition we would emphasise is that for the same · 
speed the motors should have the Same torque per ampere intake, and the same 
percentage of line voltage at thé terminals. We are tempted to emphasise this point, 
since it is entirely misleading to the railway engineer to eompare the electrical results 
without making mention of mechanical and other differences that primarily affect the 
whole question of operation and maintenance. 

With the gradual extension of the application of electricity for all purposes along - 
the different railway systems, the distance to which electrical working becomes 
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profitable, will be extended, and with the installation of such power systems as are 
now becoming common in Great Britain, it would appear that the distance may be 
indefinitely extended. 

The advantages of electric traction, like those of the central power installation, 
increase with the magnitude. The diversity and load factors increase therewith, as 
also the various economies incidental to an improved load factor. As an ultimate 
result, freight haulage may be anticipated. The electrical output per mile of track 
must be considerable to bring the cost of haulage per ton-mile by electricity to that 
now common by steam. 

In the following pages we have endeavoured to place in an accessible form, a portion 
of the results of our own observations and experience in this most important department 
of engineering, and we have referred to and quoted from the work of other writers in 
instances where the usefulness of the book is thereby increased. We fully realise that the 
book is incomplete in many respects, but having regard to the amount of time already 
taken in its preparation, further delay in its publication does not seem warranted. 

The authors wish to take this opportunity of making due acknowledgment of the 
assistance rendered them by engineers, technical journals, manufacturers, and others. 

In the former class should be mentioned Messrs. Evan Parry, W. Casson, Е. W. 
Carter, Prof. Ernest Wilson, Е. Punga, А. В. Garfield, Т. Stevens, B. Valatin. 
С. W. G. Little, P. von Kalnassy, W. C. Gotshall, W. М. Camp, О. Lasche, С. 
Wiithrich, and A. G. Ellis. 

A number of manufacturing and operating companies have kindly supplied us 
with valuable data. Amongst others may be mentioned Messrs. The Oerlikon Co., 
The British Thomson-Houston Co., The British Westinghouse Co., Ganz & Co., The 
Brush Electrical Engineering Co., and the Interborough Rapid Transit Co. of 
New York. 

Amongst the technical periodicals which have extended us courtesies in the 
supplying of data, and in granting permission to quote from their columns, we would 
mention The Street Railway Journal, Fhe Electrical Review, The Electrician, The 
Tramway and Railway World, The Engineer, Engineering, The Light Railway and 
Tramway Journal, Elektrotechnische Zeitschrift, Zeitschrift des Vereines Deutscher 
Ingeniewre, and Elektrische Bahnen und Betriebe. 

For permission to quote from their proceedings we have to express our thanks to 
the Institutions of Civil Engineers, Electrical Engineers, Mechanical Engineers, and 
the American Institutes of Electrical Engineers and Mining Engineers. 
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THE MECHANICS OF ELECTRIC TRACTION 


ELECTRIC RAILWAY ENGINEERING 


Chapter I 


TRACTIVE RESISTANCE AT CONSTANT SPEED 


HERE is a general impression that the subject of tractive resistance on rails 
is but little understood. Although this is to a certain extent the case so far 
as relates to an analysis of the various physical causes of resistance to motion on 
rails, there is now fairly general agreement as to the amount of. the total tractive 
resistance at various constant speeds on a modern well-built surface railway on a calm 
day оп a straight track. While there are minds to which an indefiniteness of the 
nature of 80 per cent. presents itself as a hopeless impediment, there appears to 
be no justification for this attitude so far as relates to tractive resistance on rails. 
It is true that the degree of wetness or dryness of the rail, the velocity of the wind, 
the contour of the train and its mechanical design, and the character of the 
permanent way, all introduce considerable variations. The engineer will not 
disregard these influences; indeed, each of these influences will, in a given case, 
require careful study. But, so far as relates to preliminary estimates of the 
average power required at the axles, the most elaborate recent experimental data 
obtained in different countries and under varied conditions, converge toward 
sufficiently definite values. 

As a matter of fact, even were the latest experimental data for tractive resistance 
аб various constant speeds widely divergent, no considerable uncertainty would be 
introduced into the results, except for the case of long runs between stops. For runs 
of lengths up to a mile or two at high schedule speeds, the energy consumed during 
the accelerating interval is so considerable a percentage of the total energy 
consumption, as to mask very great inaccuracies in the data of tractive resistance 
at constant speed. The calculation of the energy consumed during the accelerating 
interval is much more independent of assumptions’ based on experimental data. 
The shorter the run between stops, the greater is the importance of accuracy in 
estimations affecting the acceleration values, while the estimations of the frictional 
resistance are of comparatively little account.. The longer the run between 
stops the more important does it become to base the estimations upon fairly 
correct data of tractive resistance. 
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Tractive Resistance at Starting. 


The tractive resistance at starting on a level is very dependent upon the type 
and design of the bearings, the wheel diameter, and the design and condition of 
the permanent way. Aspinall’s value of 17 lbs. per ton is а fair 
average figure for the best conditions obtaining on main lines with medium and 
heavy trains. On the Central London Tube Railway the starting resistance on 
the level is 20 lbs. рег ton for a 118-іоп train comprising seven cars. On 
the City and South London Tube Railway, McMahon’s experiments showed оп 
occasions a starting resistance of 40 lbs. per ton for 26-ton trains. This value 
is rarely exceeded, even on urban tramway lines. 


T'ractive Resistance at Constant Speed. 


For very low speed, the tractive resistance decreases with increasing speed, 
reaching а minimum at some 5 miles per hour. The speed corresponding to 
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Fig. 1. Curves or ТвАСТІУЕ RESISTANCE AT Low SPEEDS FOR AN 
83-Ton 75-Foor Cam, AS DEDUCED FROM THE BERLIN-ZOSSEN TESTS. 


the minimum tractive resistance is, however, a very variable quantity, and is very 
dependent upon the construction and condition of the permanent way and of the 
rolling stock. For good conditions, the minimum tractive resistance may be as 
low as 8 lbs. per ton. Іп the ease of the 83-ton- ears employed for Ше 


1 “The curve showed the variation in the draw-bar pull, its high value at the start, about 40 lbs. 
per ton, dropping to the minimum of 9 Ibs. per ton. . . . The most striking feature of it, was the high 
resistance at starting, and, in order to test that, an experiment had been made with the train in a 
siding, a spring balance being used to start it very slowly; the resistance in that case had been found 
- to be 20 lbs. to 25 lbs. per ton. A similar experiment on a locomotive had shown the resistance to 
be 25 lbs. to 30 lbs. per ton, but the first test when the locomotive was standing had always given a 
higher result, and that seemed to be due to the squeezing out of the ой.”--МеМаһоп, “ Proceedings 
of the Institution of Civil Engineers” (1901), Vol. СХПУП., р. 213. 

Moreover, МеМароп в wheel diameters were but 24 ins. For MeMahon's results, see also 
Curve A of Fig. 6, on p. 9. 
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Berlin-Zossen tests, the minimum resistance amounted to a little less than 3 lbs. 
per ton, as may be seen from the curve of Fig. 1, relating to the results 
obtained at low speeds. The two cars with which most of the tests were made, 
weighed 90 tons (A.E.G. Car) and 77 tons (S. and H. Car) respectively. For our 
purposes the mean value of 88 tons is taken. 

For electric traction, however, but little interest attaches to the tractive resistance 
at speeds of less than 10 miles per hour. From 10 miles to 100 miles per hour 
the following formula, due to Aspinall, leads to very trustworthy results :— 


3 
40-09 E BI p 0098 L. 
R = tractive resistance in pounds per (metric) ton (of 2,200 Ibs. or 1,000 kgs.). 
V = speed in miles per hour. 
L = length of train in feet. 


The formula, owing to the fractional exponential power of V, is an inconvenient 


one to use, and hence Table I. has been prepared, in which values of ҮЗ are given. 


Taste IL.—Values of үз, 


м 5 
Speed in Miles vs 
per Hour. 
10 46:8 
11456 91:5 
-20 151 
25 | 214 
30 295 
40 473 
50 676 
60 | 998 
70 1,180 
80 1,510 
90 1,820 
100 2,160 
1 120 2,820 


The curves of Fig. 2 have been plotted, by means of Aspinall’s formula, for 
train lengths of 100, 1,000, and 2,000 ft., which cover most cases which will occur in 
heavy electric traction. 

Now while it is quite true that these results vary from the results of other careful 
investigations, sometimes by high percentages, this is really of minor importance, on 
account of numerous other uncontrollable factors. Thus іп a heavy wind the train resist- 
ance will often be doubled. Variations in the type and condition of the rail,” the condition 


1 “On. the New York Central and Hudson River Railroad there were several trains daily of 
8,000 tons to 4,000 tons, drawn by American locomotives, the number of cars ranging from 
seventy-five to ninety.’—Dudley, “ Proceedings of the Institution of Civil Engineers” (1901), 
Vol. CXLVII., р. 261. 

2 “Dr, Р.Н. Dudley has stated that when he substituted an 80-Ib. rail for a worn 65-1. rail 
it made a difference of 75 h.-p. to 100 h.-p., and he estimated that а 105-lb. rail saved 200 h.-p. as 
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of permanent way, type of rolling stock, ейс., also introduce great differences in the 
train resistance, as also the location of the driving power, whether distributed upon 
the axles of the different vehicles, or concentrated on a locomotive. These and similar 
considerations lead to the conclusion that the results set forth in the curves of Fig. 2 
are amply precise as a mean basis for calculations. 

The recent high-speed tests at Zossen, near Berlin, included elaborate 
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Fig. 2. CURVES or TRACTIVE RESISTANCE FOR VARIOUS LENGTHS OF TRAIN. 


determinations of the tractive resistance. These tests were made upon single coaches 
of a length of 75 ft. and weighing 83 tons, the design, chiefly on account 


compared with the 60-1Ъ. or 65-lb. rail"—Aspinall, ‘ Proceedings of the Institution of Civil 
Engineers" (1901), Vol. CXLVIL, р. 241. 

Dr. Dudley did not state the total horse-power, which, of course, would have to be known 
in order to lend definiteness to his data. 

! Camp (‘ Notes on Track," 2nd edition, 1904) gives the following concise resumé of some of 
the leading conditions of the Berlin-Zossen tests:—** During the fall of 1903 some unprecedented 
speeds were made on the Marienfelde-Zossen military line in Germany, which aroused a world-wide 
sensation, and the particulars of the track construction and of the rolling stock are interesting in the 
present connection. The road was 14} miles long, nearly level, and mostly straight, there being one 
curve of 523 minutes (radius 6,562 ft.) near one end. The track was laid with 843-lb. rails, generally 
394 ft. long, on fir ties, eighteen to the rail length, with tie plates, six-bolt angle-bar splices 814 ins. 
long, with vertical flanges hanging 1} ins. below base of rail, between joint ties, but some of the 
joints were of the lap type. The ballast was broken stone. „Оп 10} miles of the line, guard rails 
were laid inside the traffic rails to a flangeway of 1:97 ins. These were ordinary T-rails laid on 
side, with the base (41 ins. wide) presented for the service side of the guard, the upper edge coming 
14 ins. above the top of the traction rail., They were supported upon east-iron chairs, lag-screwed 
io the ties. With the exception of these guard rails on part of the line (which were found to be an 


ШЕАБИУЕСКЕБІЗГАХОН AT CONSTANT SPEED 


of the great capacity of the motor equipment, thus having the exceptional constant 
of 1:1 tons weight per foot of overall length. The results obtained from these 
tests are given in the lower curve of Fig. 3, and the results calculated from 
Aspinall’s formula are given in the upper curve of the same figure. The agreement 
is seen to be very good. But for this excellent agreement between the Aspinall and 
the Zossen tests, both of which were most elaborate, the values at the lower speeds 
would have been pronounced decidedly too low, as all prior formule gave higher 
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Fig. 3. CURVES or TRaorIVE RESISTANCE FOR 83-Тох 75-Foor Car. 


results at low speeds. That this is the case is evident from Figs. 4 and 5, taken from 
Gottshall’s “ Electric Railway Economies " (рр. 156 and 154). 


unnecessary precaution), the track was, as thus to be seen, only of ordinary construction. There 
were two electrie cars, one being used in each of the many experiments. Each car was 72 ft. long, 
mounted on two six-wheel trucks, wheels 49:2 ins. diameter; wheel base of truck 16:4 ft. long; each 
truck equipped with two 250-h.-p. motors on the outside axles, and air brakes, with brake shoes on 
both sides of all wheels; total weight of car, 92 tons. As the experiments continued, the speeds 
were gradually increased until trips were made repeatedly at 105 to 110 miles per hour, or the whole 
distance each way in eight minutes. The energy consumed in driving the car at such speeds was 
about 1,600 h.-p., and stops were made in 6,560 feet from the point where brakes were applied. 
On October 23rd one of the cars attained a speed of 128} miles per hour, and on October 28th the 
other сат was run at the tremendous speed of 1303 miles per hour.” 

Тп thé above quotation the weights in tons have been changed by the writers from the American 
short ton of 2,000 Ibs. employed by Camp, to the metric ton of 2,200 lbs. Camp’s weight per car 
evidently relates to the A.E.G. car. 

! In present practice on steam and electric railways, the weight of loaded car or train per foot 
of overall length, rarely exceeds 0°65 tons, and as a rough but representative value 0:5 tons per foot 
of overall length may be taken. (See also Table П., on p. 14.) 
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In tube railways, where there is small clearance between the walls and the train, 
high-tractive resistance (depending partly on the amount of clearance) has been found, 
and, of course, varying as a function of the speed. In Fig. 6 the full line curves 
(в and с) are deduced from tests on the Central London Railway (in which the 
tube’s internal diameter is 11 ft. 6 ins.), showing the train resistance as a function of 
the speed. The minimum clearance between the tube and train is 6 ins. 

From measurements made on the City and South London Railway, McMahon 
obtained the data from which the broken line curve (a) of Fig. 6 has been deduced. 
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Fig. 4. Curves ror TnACTIVE RESISTANCE ACCORDING TO WELL-KNOWN FORMULA. 
SINGLE-ÜAR OPERATION. WEIGHT OF CAR ABOUT 22 'lows. 


From the train test curves obtained on the Central London Railway, the total 
tractive resistance at 30 miles an hour is 1,200 lbs. for а seven-car train, and 600 lbs. 
for a single car, the weights of the trains being 125 tons and 25 tons respectively. 
It appears that there is a constant figure of 6 Ibs. per ton for journal friction, etc., and 
a figure for the head and tail resistance which depends upon the speed and is unaffected 
by the length of the train, the actual equation for the total tractive resistance being— 

2 


Resistance in pounds per ton = 6 + 0:5 UA 


where V is the speed in miles per hour and W is the weight of the train in metrie tons. 
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In Fig. 7 are two curves, one showing the resistance in pounds per ton for a seven- 
car Central London train, as worked out by the above formula, and the other showing 
the resistance of this train on a surface track, as worked out by Aspinall’s formula. 
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No tests have been made with high-speed service in such tube railways, but the 
resistance can be reasonably expected to be considerably increased at speeds above, 
say, 40 miles per hour. Thus from the Zossen tests on ап 83-ton car it 
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has been found that at a speed of 40 miles per hour the air resistance becomes 
equal to the mechanical resistance, and at a speed of 100 miles per hour the 
air resistance on surface roads is four times the mechanical resistance. This is seen 
from the curves of Fig. 8, in which the curve of total resistance for the Zossen tests 
is supplemented by two curves of the component resistances due respectively to air 
resistance and mechanical resistance. The longer the train, however, the less is the 
percentage which the air resistance constitutes of the total resistance; and for well- 
vestibuled trains of several hundred tons weight, the air resistance would probably 
not exceed the mechanical resistance below speeds of from 45 to 50 miles per hour. 
For а five-coach train, Aspinall (“ Proceedings of the Institution of Civil Engineers," 
(1901), Vol. CXLVIL., p. 249) estimates the atmospheric resistance as becoming equal 
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Fig. 7. Curves or Tracrive RESISTANCE IN TUBE RAILWAYS AND ON SURFACE. 


to 50 per cent. of the total resistance at 80 miles рег hour. But all his statements 
relate to the train behind the engine, and the engine shields the train from a 
considerable portion of the air resistance. Thus for a motor-car train, the air resist- 
ance would become equal to the mechanical resistances at a much lower speed, and 
the corresponding speed would be lower the shorter the train. 

From such results it is evident that for high-speed work it would be futile to 
attempt to materially reduce the train resistance by modifications in the design of the 
rolling stock and permanent way,! and that attention should rather be directed to the 
contour of the train. Not only does the form of the front and rear ends greatly affect 


1 Of course the greatest attention must, nevertheless, be given to the design of the rolling stock 
and permanent way, in order to render high speeds practicable and satisfactory, and to exempt 
these parts from rapid deterioration; but so far as relates to obtaining the most economieal result 
for tractive effort in pounds per ton at high speeds the chief attention should be given to the contour 
of the individual carriages and of the.train as a whole. Improved bearings will not affect the air 
resistance. 
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the air resistance, but when a train is composed of many vehicles, it must, so far as 
practicable, present continuous unbroken surfaces from end to end." 

Curves materially increase the train resistance, not only at low, but at high, 
speeds. At moderate speeds, measurements have often shown 100 per cent. increase 
in the train resistance, even on well-designed curves of fairly large radius.” 
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Fig. 8. Curves or COMPONENT AND RESULTANT TRACTIVE RESISTANCE FOR 
83-Ton 75-Еоот CAR, DEDUCED FROM BERLIN-ZOSSEN TESTS. 


Heavily loaded trains have a resistance considerably lower (as expressed in 
pounds per ton) than light trains. This consideration is of importance chiefly in 


1 &, |. At high speeds the air resistance is by far the most important factor, and that the 
proper shape of the car has to be very carefully determined.”—Siemens, “ Proceedings of the 
Institution of Electrical Engineers” (May 26th, 1904). 

** Attention must also be paid to those details of design which will reduce the train resistance, 
and more especially that element thereof known as ‘ wind resistance, which is by far the greatest 
component of train resistance. Smooth, flat sides, with the platform ends rounded or tapered, 
and enclosed, are among the simple and effective methods employed. It is astonishing what a saving 
in watt-hours per ton mile, or per car mile, the application of the simple methods above suggested 
will produce, as indicated by recent tests.” —Gottshall, ‘ Electric Railway Economies,” p. 152. 

2 “An attempt had also been made to determine the effect of curves on the tractive resistance, but 
it had been found to be very difficult to do so on account of the curves on the line being so short. The 
results of three tests on a curve having a radius of 390 ft. gave 279 Ibs. per ton at 16:5 miles per hour, 
whereas on the straight road the result was 12} lbs. per ton, leaving about 15 lbs. per ton due to the 
curve alone. Six experiments had been made on a curve of 540 ft. radius, giving 22°6 lbs. per ton at 
184 miles per hour, whereas on the level it was 11:8 lbs. per ton, leaving 11-3 lbs. per ton due to the 
curve.” —McMahon, “Proceedings of the Institution of Civil Engineers” (1901), Vol. CXLVIL., p. 215. 

з « With a train of empty wagons 1,830 ft. long, the resistance had been found to be 18:8 lbs. 
per tón at a speed of 26 miles per hour; a train of full wagons 1,045 ft. long had given 9:1 lbs. per 
ton a& 29 miles per hour, and another of the same length, as low & figure as 6:2 lbs. per ton at 
28 miles per hour. He trusted, however, that these figures would not be regarded as results which 


‘could be finally established without further proof."— Aspinall, * Proceedings of the Institution of 


Civil Engineers” (1901), Vol. CXLVIL., p. 197. 
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freight service, since in passenger service the weight of the passengers is but an 
inconsiderable percentage of the weight of the train in which they travel; i.e., whereas 
the goods transported constitute the greater part of the weight of the train in freight 
service, the passengers transported, including their luggage, rarely constitute much 
more than 10 per cent. of the total weight of the train. Ina “ sleeper ” the occupants 
constitute less than 272 per cent. of the total weight hauled. 

From the statement that heavily loaded trains have a resistance considerably - 
lower as expressed in pounds per ton (i.e, a lower “specific resistance") than light 
trains, it might naturally be concluded that locomotives, which have a far higher 
weight in proportion to their length than the carriages they haul, would require a less 
tractive effort per ton of weight for a given speed. This is, however, not the case. 
Although in steam practice, with a passenger train having a total weight of 300 tons, 
the locomotive would weigh but 75 to 100 tons, or 25 per cent. to 33 per cent. of the 
total weight, from 85 per cent. to 55 per cent. of the power indicated by the 
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locomotive would be employed in the losses in the locomotive and in the power 
required to propel it, thus leaving but from 45 per cent. to 65 per cent. of the 
indieated power available for propelling the rest of the train! Incidentally this 


1 “Tn order to see how much power the locomotive absorbed as compared with the train, a 
certain number of experiments had been tried on the Lancashire and Yorkshire Railway, and it had 
been found that the ten-wheeled engine (No. 1,392) absorbed 84 per cent. of the total horse-power. 
Mr. W. M. Smith (* Proceedings of the Institution of Mechanical Engineers, 1898, p. 605) had 
given the results of his experiments as about 36 per cent. of the total horse-power; and Mr. Druitt 
Halpin had stated ( Proceedings of the Institution of Mechanieal Engineers,' 1889, p. 150) that the 
Eastern Railway of France had found that the engine absorbed 57 per cent. of the total horse-power 
developed; while Dr. P. H. Dudley gave it at 55:6 per cent., and Mr. Barbier at 48 per cent. 
Probably 34 per cent. or 86 per cent. was about the right percentage, the other figures being much 
too high; at any rate, the experiments referred to in the paper rather pointed to that conclusion, 
though, of course, the actual figure depended on the load behind the engine,"— Aspinall, 
** Proceedings of the Institution of Civil Engineers" (1901), Vol. CXLVIL., р. 197. : 
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is an important fact to keep in mind in comparing the relative merits of traction 
by steam and electricity. In short trains, the percentage of the energy employed for 
the locomotive itself, is still higher. 

As an interesting instance of the small percentage which the live load constitutes 
in through and in suburban service respectively, there are given in Fig. 9, some 
curves applying to the conditions on the section of the New York Central and Hudson 
River Railway between the Grand Central Station in New York City and Mott Haven 
Junction. These curves are taken from a paper by Arnold published on p. 876 of 
Vol. XIX. of the “Transactions of the American Institute of Electrical Engineers.” 

A sleeper weighs some 84 tons per passenger when carrying its full complement 
of passengers. In this case, the passenger represents less than 2 per cent. of the 
total weight hauled. Ashe and Keiley refer to this matter as follows :— 

“In all classes of electric cars the dead weight of car varies from about 
70 per cent. to 90 per cent. of the told weight plus the weight of seated passengers, 
and the power required for the operation of a given service varies directly as the 
weight of the cars moved. It is evident that the cost of the power plant and 
transmission system would be approximately proportional to the weight of the cars 
if electric heaters were not used. | 

“Тһе ratio between dead weight and told weight of cars varies between wide 
limits; and on account of the indefinite character of the load, due to standing 
passengers, it would be difficult to give even approximate figures. However, a rough 
general statement of the amount of dead weight of car per seated passenger would 
be as follows:—Closed trolley car, longitudinal seats, 600 to 700 lbs. per seated 
passenger ; open trolley car, full cross seats, 400 to 500 lbs. per seated passenger ; 
and suburban closed car, cross seats, and centre aisle, 1,000 to 1,200 lbs. per 
seated passenger."—'' Electric Railways," Ashe and Keiley, pp. 171—172 (London, 
Constable & Co., 1905). 

The direction and intensity of the wind may considerably inerease or decrease the 
tractive effort required of the steam locomotive or of the electric motors, and this 
again is considerably dependent upon the design of the train as regards the contour 
of the front and rear ends, the vestibuling, and other details. Curves also exert a great 
influence, which is, however, difficult to predetermine.” The influence of gradients is 
readily determined by the principles of ordinary mechanics, and is equivalent to a 
positive or negative tractive effort of 22 lbs. per ton for a 1 per cent. gradient. 

While all these points require attention in specific cases, one must have some simple 
basis for the further preliminary study of the mechanics of heavy electric traction. The 
‘curves of Fig. 2, on p. 6, will be taken as the ultimate basis for this preliminary study. 

Although the length of the train and the weight in tons per foot of overall length, 
constitute the most correct basis for final reference, it is much more useful, even at 
some slight sacrifice of accuracy, to derive curves in which the length of the train in 
feet is replaced by the weight of the train in tons. For this purpose we must obtain 
representative figures for the weights of heavy single cars and of trains, per foot of 
overall length. A number of such figures have been compiled in Table II. 


1 “Tt has been pointed out that only from 15 to 20 per cent. of a fully loaded train consists of à 
paying load, and with an average load as carried throughout the day, this percentage will be reduced 
to 10 per cent. or less—that is, nine-tenths of the energy consumed in moving this train at a 
constant speed is wasted."—Armstrong, “ Transactions of the American Institution of Electrical 
Engineers" (1898), Vol. XV., р. 375. 

2 For the tractive resistance on curves, see also the footnote on p. 11. 
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Taste П.— Войт Stock Data. 


Overall Loaded Weleht in Seats per 
Number | Length Weight in Metric Tons Seats per | Metric Ton 
of Seats, | 2 Feet. Metric per Foot Foot. of Loaded 
Tons, of Overall Weight. 
Length, 
Steam railroad standard suburban train, made 
up of seven eight-wheeled coaches and 
locomotive . Е 5 p d : .| 620° | 889 240 0°62 1:88 2:16 
Great Northern and City continuous-current 
motor-car train, seven cars. $ 4 .| 422 | 855 195 0°55 1:19 2:16 
Mersey Railway continuous-current motor- 
car train . А с > 5 : .| 292 |800 158 0:46 0:97 2:10 
Manhattan Elevated standard continuous-cur- 
rent train, made up of four motor-cars and 
two trailer cars . Е 5 . : .| 286 | 282 125 0:44 1:01 2°29 
Standard City and South London continuous- 
current four-car train, with locomotive SUELOS EDT 41 0°35 0:91 8:12 
Zossen car (S. and H.) . : с 5 4 48 76 77 1:01 0:68 0:62 
Zossen car (A.E.G.) : С 5 : 4 48 72 93 1:29 0:66 0:52 
Interborough Railway Co. fireproof car (Ashe 
and Keiley, ** Electric Railways,” p. 178) . 2 |7759 27 0:52 1:0 19 
Burgdorf-Thun three-phase motor car . 5 66 49 86 0:74 1:85 1:88 
Chicago and Joliet inter-urban continuous. 
current motor car 5 65% 86 23 0:64 


Closed trolley car with longitudinal seats 
(Ashe and Keiley, “ Electric Railways,” 
р. 172) б z é $ É С 1 ссе 52. As 52 ха 81 to 2:6 

Open trolley car with full cross seats, as 
employed in summer in America (Ashe and 
Keiley, “ Electric Railways,” p. 172) . b veg A ccn 5er eto 47 $0 8:7 

Suburban closed car with cross seats and д 
centre aisle (Ashe and Keiley, “ Electric 


Railways,” p. 172) 556 27 aco I x 2:0t01:6 
Liverpool Overhead Railway . с : 5 57 45 38 0:845 | 1:27 1:5 
Metropolitan Elevated Railway (Chicago), 

west side . : : А : : 5 40 40 a6 25 1:00 
Leceo Sondrio Railway (Ganz system), Val- 

tellina . я : : : : : : 56 57 56:5 0:99 1:02 1:01 
Indianapolis and Cincinnati Traction Co., 4 

single phase inter-urban car : : Р 54 55 46:5 0:85 1:02 1:16 
Data given by Armstrong, Street Railway 

Journal, Vol. XXVI., p. 1068, doubletruck car 64 60 26 0:48 1:07 2:46 
Ditto, double truck car . 5 7 * о 320) 50 18:6 0:87 1:04 2:8 
Ditto, double truck car . < е А А 49 40 13 0:88 1:05 8:22 
Ditto, single truck . E : ; 1 Е 26 26 6:8 0:26 1:00 8:8 
Central London continuous-current seven-car 

train . 5 : у ? ; с .| 824 | 880 188:5 0:41 0:98 2°42 
Central London motor coach . : : : 40 46 275 0:50 1:15 1:45 
Central London trailer coach . k . с 48 46 164 0:28 0:96 9:89 
Metropolitan Railway (London) six-car train. | 322 | 320 165 0:52 0:99 1:95 
Metropolitan Railway (London) motor coach . 49 528 40:07 0:77 1:08 ДРА 
Metropolitan Railway (London) trailer coach. 56 52°8 20:4 0:39 0:94 2°75 
District Railway (London) seven-car train . 828 | 347 160 0:49 1:06 2:05 
District Railway (London) motor coach with |” 

luggage compartment . , б : . 40 49:5 97:5 0:56 1:08 1:75 
District Railway (London) motor coach with- 

out luggage compartment . : 5 A 48 49°5 27:0 0:55 1:24 1:48 
District Railway (London) trailer coach 5 48 49:5 19:5 0:39 1:08 2:46 
Waterloo and City Railway four-ear train .| 920 | 164 72 0:44 1:84 3:06 
Waterloo and City Railway motor сат. 5 50 47 Бор A 1:06 өй 
Waterloo and City Railway trailer. 4 о 54 85 cop ra 1:55 


ВВ IME RESISTANCE AT CONSTANT SPEED 


It is thus seen that one-half ton per foot of overall length is, for the present 
purpose, sufficiently representative of all except the most abnormal cases of rail 
traction. Since the curves of Fig. 2, on p. 6, show that the decrease in tractive effort per 
ton with increasing length of train is relatively slow, owing to the large constant term 
in the denominator of the right-hand side of Aspinall’s formula (see p. 5) and to 
the constant first term in the formula, we may rightly take this figure of one-half ton 
per foot length in transforming the curves from length to weight. The curves given in 
Figs. 10 and 11 have thus been deduced for trains of a total weight of 50, 100, 200, 
400, and 800 tons, and from this point we shall rarely refer back to the former 
curves, but shall base our study on the curves in Figs. 10 and 11. In Fig. 10 the 
speed is given in miles per hour, but in Fig. 11 the speed in feet per second is used, for, 
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Fig. 10. Curves or TRACTIVE RESISTANCE IN PouNDS PER TON FOR VARIOUS 
SPEEDS IN MILES PER HOUR. 


as we shall shortly learn, the use of this expression facilitates some subsequent 
calculations. In Fig. 12 are given corresponding curves in which the kilowatts at the 
axles per ton weight of train are taken as ordinates, and the speed in miles per hour 
ав abscissæ. In Fig. 18 the total kilowatts at the axles are plotted against the speed. 

Owing to the very lucid and condensed form in which Carter (4 Technical 
Considerations in Electric Railway Engineering ") handles this subject, and to the 
fact that he bases his determinations on the, in some respects, more logical basis of 
surface resistance, so far as relates to tractive effort at constant speed, and on weight, 
so far as it relates to constant acceleration, the authors have thought it well to 
include verbatim from the above paper the extract in which this subject is dealt with. 
The extract in question is as follows :— 

* The forces resisting the motion of the train consist of the easily caleulated 
positive or negative component due to grade, proportional to the actual weight of the 
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train, and the rather uncertain ‘train resistance,’ composed of 
friction, air resistance, ete. 


journal and flange 


There is a lack of reliable data on the resistance offered 


Fig. 12. 
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to the motion of electric trains, which it is hoped will soon be supplied. The classical 
results of Aspinall were obtained from measurements made from behind a locomotive 
and tender, and accordingly do not include the head resistance, which is a very 
important element in the case of electric trains of two or three coaches. The Berlin- 
Zossen high-speed train resistance tests were made with a single coach of a type 
totally different from those usually employed in this country. Pending the publication 
of more suitable data, the author has combined the results of the above-mentioned 
sets of tests to obtain the working curves of Fig. 14, which he has found to agree 
very fairly with the results of such isolated tests on electric trains as he has been 
able to make. The variable portion is expressed in terms of the dimensions of the 
train rather than of the weight, since it must represent principally air resistance, and 
therefore at any speed can depend only on the external configuration of the train. 
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Fig. 13. Curves or TOTAL Power IN KILOWATTS АТ AXLES, 


The constant portion of the resistance, which is taken from the above-mentioned 
tests at such low speeds that the static resistance just ceases to be apparent, 18 
probably expressed with sufficient accuracy ав proportional to the weight, and appears 
to be 24 lbs. to 34 lbs. per ton. Тһе total train resistance is therefore the amount 
deduced from the curves of Fig. 14 increased by 23 lbs. to 34 lbs. per ton. 

“ A light train of given external dimensions will, except at low speeds, meet with 
almost as great a resistance as а heavier-built one of the same dimensions. A train 
of many coaches experiences much less resistance per coach or per ton than one of 
two or three coaches, particularly at high speeds. Allowance is made for these facts 
in the curves of Fig. 14. А long distance high-speed train should, for efficiency, be com- 
posed of many coaches, whilst the weight is a secondary consideration. A frequently 
stopping low-speed train, on the other hand, should be built light, but whether it is 
composed of few or many coaches is of small importance as far as efficiency is concerned." 

We have thus obtained values for the rate of expenditure of energy required at 
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the axles in moving the train along a well-ballasted, straight, level line at constant 
speed. This is, of course, a very different case from that generally met in practice. 
The chief difference is associated with the energy required for acceleration. This 
accelerating energy, like the energy required for overcoming the tractive resistance, 
is customarily supplied to the axles by motors, and is subsequently wasted in 
braking. In some roads, however—such, for instance, as the Central London Railway 
—accelerating gradients contribute as much as one-fourth of the energy supplied to 
the train,' and similar retarding gradients assist the brakes at stopping. 

In the present condition of engineering nomenclature, it is impossible to avoid 


Tractive Resistance in Pounds. 
о 


3 e 


о 10 20 30 AOI 50 7о 
Speed in Miles per hour. 
Fig. 14. CARTER’S TRAIN RESISTANCE CURVES, GIVING THE VARIABLE COMPONENT 
oF TRAIN RESISTANCE. 


the employment of mixed units. To facilitate the conversion of speeds and distances 
plo, 


from one system of units to another, we have given the equivalent values in Tables II., 
ТУ., V., and VI. 


Тавһе III. 
Equivalent Values of Distance, English and Metric. 
A Kilometre. | poses | Centimetres, Miles. Feet. Inches. 
1 kilometre . "iH | № 1000: 12100000: 0:621 8280: 89400 
1 metre. 0:001 Не | 100: 0:000621 8:28 89°4 
1 centimetre . . 0:00001 0:01 1: 0:00000621 0:0828 0:894 
1 mile 1:609 1609: | 160900: ilg 5280: 63400: 
1 foot 0000305 | 0:805 80:5 0:0001894 Де 12. 
1 inch 0:0000254 | 0:0254 | 2:54 0:00001579 0:0888 ic 


! The actual energy supplied by the gradient is, of course, solely dependent on the height through 
which the train descends, On the Central London Railway, the energy supplied by the gradients is 
about fourteen watt-hours per ton mile, or about & quarter of the whole energy supplied to the train. 
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TABLE ТУ. | 


Equivalent. Values of Speed, English and Metric. 


Kilometres Metres per Miles per Feet per 
per Hour. Second. Hour. Second, 
1 Kilometre per hour 1. 0:2778 - "6921 0:911 
1 Metre per second 3°60 1 2:287 3:280 
1 Mile per hour 1:609 0:447 1 1:467 
1 Foot per second . 1:097 0:3048 0:682 1 
TABLE V. 


Comparative Table of Speeds. 


Kilometres | Metres рег | Miles per Feet per Feet per | Kilometres | Metres per | Miles per | Feet per | Feet per 
per Hour. Second. Hour. Minute. Second. || per Hour. Second. | Hour. Minute. Second. 
2 0:5554 | 1:242 109:8 1:899 | 82 22°77 50°92 4481 74:70 
| 4 1:110 2:485 2197 9:645 | 84 28-82 59:18 4592 | 76°54 
6 1:666 3726 328:1 5467 | 86 23°88 53°40 4702 | 78°34 
8 2:221 4:960 4874 1:990 | 88 24-42 54:68 | 4808 80°16 
10 27178 6:218 546:8 9:115 | 90 24:99 55:61 | 4921 82:01 
12 8:332 7:455 6561 10:98 | 92 25:54 57:12 5028 83°80 
14 8'887 8:694 765:1 12:75 | 94 26:10 58:87 5187 85:68 
16 4:448 | 9:940 874:8 14:58 96 26:64 59:64 5248 87:44 
18 4:998 11:18 984-2 16:40 98 27°21 60°68 5855 | 89:20 
20 5:554 12:42 1093 18:22 | 100 27°78 62°13 5468 | 91:13 
22 6:108 13°66 1202 20:04 | 102 28:82 68:84 5574 | 92:92 
24 6:664 14°91 1312 21:86 104 28:80 64:60 5684 94:72 
26 7:990 16:15 1421 28:68 106 29:48 65:82 5798 96:56 
28 7774 | 17°38 1530 25°50 108 29:98 67:08 5904 98:40 
30 8:831 18:68 1640 97:84 | 110 30:54 68°34 6014 100°2 
32 8:884 19:88 1749 29:16 | 112 81:08 69:52 6120 | 1020 
84 9441 | 2111 1858 8097 | 114 81:65 70°79 6230 103:8 
36 9:996 | 22:86 1968 82:80 116 32°20 12:04 6842 105:4. 
38 10:55 28:59 2076 34°62 118 82:77 73°27 6448 107:5 
40 11:10 24°85 2197 86:45 120 38:82 14:55 6561 109:8 
42 11:66 26:09 2296 88:27 122 33°87 75°76 6667 1111 
44 12:21 27°32 2404 40:08 124 84:42 77:00 6776 112:9 
46 12°77 28°56 2514 41:90 126 84:99 18:24 6886 1147 
48 13:82 29:82 2624 43°72 128 85:54 (9:52 7024 116:6 
50 18:88 81:06 2784 45:56 180 36°10 80:77 7108 118:4 
52 14:44 82:80 2842 47°36 182 36:64 82:00 7216 120°2 
54 14:99 88:54 2952 49:20 184 87:21 89:21 7828 122:0 
56 15:54 3476 3060 51:00 186 87-76 84:44 7432 128:8 
58 16:10 86:02 8169 52:78 188 88:82 85:75 1541 125°7 
60 16°66 87-27 8281 54:67 140 88:87 86:98 7654 127:6 
62 17:21 88:50 8888 56:48 142 89:48 88:18 7760 129:3 
64 ПТ 39°76 8499 58:82 144 89:98 89:44 | 7872 181:2 
66 18:82 41:00 3608 60:12 146 40:54 90:66 | 7979 188:0 
68 18:88 40:22 8716 61:94 148 41:10 91:90 8088 184:8 
70 19:48 48:49 8827 63°79 150 41:64 98:18 8202 1867 
12 19:99 4472 8986 65:60 152 42:21 94:89 8864 188:4 
74 20°55 45:95 4044 67:41 154 42:76 95-68 8416 140°3 
76 21:10 47:18 4152 69:24 156 48:82 96:29 | 8580 142:1 
78 21°66 48:46 4265 71:08 158 48:87 98:12 | 8684 148:9 
80 22:21 49:60 4874 72°90 160 44:48 99:40 8748 145:8 
е2 
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Comparative Table of Speeds. 


‚ Taste Vl. 


Miles per | Feet per Feet per | Kilometres | Metres рег || Miles per | Feet per Feet per Kilometres | Metres per 
Hour. | Minute. Second. | per Hour, Second. || Hour. | Minute. | Second. per Hour. Second. 
| 
2 176 2:984 9:218 |- 0894 | 52 4576 16:28 88:66 23°24 
4 852 5:868 6:486 1-788 | 54 4752 79:21 86:88 24:18 
6 528 8:802 9:654 | 2:682 56 4928 82:14 90:09 25:08 
8 704 11:78 12:87 9:576 58 5104 85:08 98:32 25:09 
10 | 880 14:67 16:09 4:47 60 5280 88:02 96:54 26:82 
19 | 1056 17:60 19:81 5:864 62 5456 90-96 | 99-75 27°73 
14 1282 20:58 22:58 6:258 64 5682 98:84 102:9 28°60 
16 1408 23°47 25°74 1:152 66 5808 96:82 106:1 29:50 
18 1584 26:40 28:96 8:046 68 5984 99°74 109-4 80°38 
20 1760 29°34 82:18 8:940 70 6160 | 102-7 112-6 81:29 
22 1936 82:27 85:40 9:834 72 6886 | 105:6 115:8 82:18 
24 2112 85:20 88:60 1072 74 6512 | 108:5 119-0 88:07 
26 2288 88:14 41°83 11°62 . 76 6688 111:4 122-3 88:96 
28 2464 41:06 45:06 1251 | 78 6864 |1144 125°5 34:86 
80 2640 44:01 48:27 18:44 | 80 7040 | 1172 128:7 35°76 
82 2816 46:99 51:48 14:40 82 7216 | 120-2 181:9 86:65 
84 2992 49:87 54:70 15:19 84 | 7892 | 123-2 1851 87:54 | 
86 8168 52:81 57:92 16:09 | 86 7568 126۰1 188۰3 88:44 
8 |. 8844 55:74 61:14 16:98 HE S88 7744 1290 | 141:6 39°32 
40 | 8520 58°68 64-36 17:88 90 7920 |1890 | 144:8 40:23 
42 3696 61:61 67:57 18:77 92 | 8096 |1349 148:0 41:19 
44 8872 64:54 70°79 19:66 94 ! 8979 187:8 1519 | 42:01 
46 4048 67:48 74-01 | 20:56 96 8448 | 140:8 1545 | 42-90 
48 4224 70°41 77:24 21:45 98 8624 148:8 1576 | 48:80 
50 4400 73°35 80°45 22:35 | 100 | 8800 | 1467 160:9 44:70 
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Chapter II 


ACCELERATION 
Foree = Mass x Acceleration 
= Weighs ж Acceleration. 
g 


ONSIDER first an acceleration of 1 mile per hour per second, or 1°47 ft. per 
second per second. The tractive force required to impart to 1 metric 
ton an acceleration of 1 mile per hour per second i 
2,200 Mis he 
LX Sg UN 1:47 — 100 Ibs. 

Useful Rule.—We have thus the useful rule that on a level track a tractive 
force of 100 lbs. per metric ton, in addition to the force required to overcome the 
tractive resistance, imparts to a train an acceleration of 1 mile per hour per second. 
Strictly speaking, one should make an additional allowance for the rotational energy of 
the wheels and armatures. This is a matter of from 8 per cent. to 7 per cent. of the 
whole kinetic energy of the train, depending on the load per axle and on the 


1 “А Consideration of the Inertia of the Rotating Parts of a Train," Storer, “ Transactions 
of the American Institute of Electrical Engineers,” Vol. XIX. (1902), p. 165. 

Carter (“ Technical Considerations in Electric Railway Engineering,” paper read betore the 
Institution of Electrical Engineers, January 25th, 1906) gives yather higher values for the per- 
centage increase in the kinetic energy of the train due to the rotating parts. He sets the matter 
forth as follows :—“ The weight of the train to be employed in calculating the acceleration due 
to any force is a certain spurious ‘effective weight,’ composed of the true weight, and an increment 
due to the rotation of the wheels and armatures. This increment is not difficult to obtain,. and 
will be merely stated here. If W be the weight of a wheel, r its radius at the tread, and Ё its 


56 
radius of gyration, the increment of weight due to the rotation of the wheel is W G) 2 In an 
average steel railway wheel (2) = 0:6 approximately. 
“Tf W! be the weight of an armature, 7" its radius, Li its radius of gyration, and у the ratio 


2! 
of gear reduction, the increment of weight due to the rotation of the armature is И! pun = 


RNS Е : 9 А А 
wı Ty . For a continuous-current armature A = 0:5 approximately. Thus if 


1 
W = 800 lbs., И! = 1,600 lbs., y = 8, 2 = 4, the addition for rotary inertia will be approximately 


480 lbs. per wheel and 1,800 lbs. per armature. 

“Та the case of suburban trains operated by continuous-current motors, the amount to be 
added on account of rotary inertia, will usually be some 8 or 10 per cent. of the weight of the 
train, whilst with single-phase alternating-current motors, the increment may amount to double 
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construction of the rotating parts. To avoid complicating the question, this additional | 
allowance will not be made, but will subsequently be covered by a margin which will 
also provide for the energy consumed in air-pumps, control apparatus, and, in some 
cases, train and station lighting, and power for auxiliary machinery. | | 

Table VII. gives values for the tractive force in pounds per ton, required during the 
accelerating interval, in addition to the tractive force necessary for overcoming 
friction. In England, rates of acceleration, so far as traction questions are 
concerned, are almost always expressed either in miles per hour per second, or 
in feet per second per second. 


Тлвһв VII. 


Tractive Force and Accelerating Rate. 


Acceleration expressed | | | 
in metres per second | EO. 
per second қ - | 0112 | 0:224 | 0:336 | 0-447 | 0-560 | 0-671 | 0:784 | 0-895 |-1-00 | 1-12 | 1-225 1:335 

Acceleration expressed | | 
in kilometres per hour | 
per second А - | 0402 | 0-805 | 1-21 | 1-61 | 2-01 | 2-42 | 2-82 | 3:22 | 3-62 |409 | 4-42 4:83 

Acceleration expressed А 
in miles рег hour рег | 
second Е е |025 | 0:50 075 | 1:00 | 1:25 1-50 | 1-75 | 2-00 | 2-25 25 1275 3-0 

Acceleration expressed 
in feet per minute | | 
рет весопа 5 ‚ | 220 | 44-0 | 660 | 88-0 | 110 | 132 | 154 | 176 | 198 | 990 242 | 264 

Acceleration expressed 
in feet per second per | | 


second . -e о. | 0366 | 0-783 | 110 | 1-47 | 1-83 15-20226 | 2:98 | 8-30 | 67 1101 4-42 
Tractive force in pounds | | | i 
per ton . . .| 25-0 | 50-0 | 75-0 | 100 | 195 | 150 | 175 | 200 | 225 | 250 | 275 | 300 
Tractive force in kilo- | = 
grammes per ton . | 113 | 22-7 | 34:0 |455 | 56-7 68:0 | 79:5 | 90:7 | 10920 | 114:0 | 125-0) 136-0 
Letting 
S = speed, 
а = acceleration, 
D = distance, 
JU шта, 
then in any given system of units we have the following fundamental relations :— 
ало е 
Da er 


5 = Nea). 

In Fig. 15 (a в, c, р, в and Е) six groups of curves of speed and time, distance 
and time, and speed and distance, are given for the accelerating interval. 

From the speed-time curves in Figs. 154 and 158 and the distance-time 
curves in Figs. 15с and 15р we may obtain, for any given time in seconds from 
the start, the speed and the distance covered, employing any practicable 
acceleration. The speed-distance curves of Figs. 15e and 15r are derived directly 


as much, on account of the greater number and weight of armatures and their generally higher 
peripheral speed.” Е 


See also an article in Engineering for March 9th, 1906, р. 295, entitled “ Energy Expended on 
Car Wheel Acceleration.” In this article the calculations are worked out for a special ease. 
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ACCELERATION 


from the speed-time curves of Figs. 15a and 18s, and the distance-time curves 
of Figs. 150 and 15p. 

Let us now consider the case of a train to be operated over a straight, level 
track, with a stop every mile, at an average speed of 30 miles per hour 
between stops, for each 1-mile section. The train must evidently cover such 
a l-mile section in two minutes. The rates of acceleration and braking will 
be assumed to be equal. - 

1 According to the conditions of practice in any partieular case, the rate of 
retardation during braking, would be taken greater than, equal to, or less than 
the rate of acceleration. Moreover, in short runs, constant speed between the pro- 
cesses of accelerating and braking is not generally maintained in electrieal operations ; 
the power is often cut off directly the maximum speed is reached, or Shortly 
thereafter, and the friction ; 
of the train is thus used to 
procure a part of the retarda- 
tion, a less amount of energy 
being in consequence dissipated 
at the brake shoes. ‘This 
naturally leads to correspon- 
dingly improved economy. 
In analysing any particular 
«case where such methods are 


2000 


| N № 
N - o 


1800 


1600 


зам 
з 
z А 
employed, the values deter- m P pang БА 
5 E i 
mined upon as regards acce- $ ЕҢ © ILO 
: 2/200 = 
lerating, braking, and coasting г ЛЕДЕ ЕИ РА 0 
are used in the estimation of 4 ши троен 
the running conditions. But 8 800 Z^ 
since these details of operation $ SIEA WA 
А в а 
vary enormously in different ЛЫ Em 
cases according to the conditions Ei ГА 
of service, one would, by еп4еа- 200, m 
vouring to take them into con- : E x z 
sideration т studying е Time in Seconds. 
general case, simply lessen the Fig. 16. 8ркер-Півтахов Тіме CURVES (AmwsTRONG'S). 


value of the broad conclusions 
at which one wishes to arrive. 
Therefore, in the first instance, 


Distance = 2,000 feet. 

Time = 75 seconds. 

Rate of Acceleration= 0°93 miles per hour per second. 
Friction = 16 lbs. per metric ton. 

Braking Effort = 160 105. per metric ton. 


.we shall assume equal rates 


of acceleration and retardation. For Ше interval not required for these two 
operations, we shall assume that the train is run at constant speed. A special 
study will subsequently be made of the extent of the error in the results, con- 
sequent upon employing these assumptions. When the study of the general case 
has been completed, we shall illustrate the analysis of special cases, and shall 
ascertain and employ the precise rates, of acceleration and retardation and the 
amount of “coasting” suitable for obtaining the best conditions in each case. 
For the present purpose it will suffice to briefly illustrate the point involved 
by reference to Figs. 16 and 17, which are taken from Armstrong’s paper, 
entitled “ Some Phases of the Rapid Transit Problem,” read before the American 
Institute of Electrical Engineers (1898, Vol. XV., р. 868). Іп deriving these. curves, 
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Armstrong has made the assumptions set forth below the titles of Figs. 16 and 17. 
For the purposes of a general survey of the subject, and in view of the conditions 
ав regards rolling stock and permanent way, and the low speeds considered, 
Armstrong is not altogether unjustified in taking for the friction at all speeds, 
the mean value of 16 lbs. per metric ton, although, as we have already seen from 
Fig. 2, on p. 6, the friction in pounds per ton varies through a wide range with variation 
in the speed. These two curves (Figs. 16 and 17) are based on an accelerating 
rate of 0°93 miles per hour per second, and upon a braking effort of 160 lbs. per 
metric ton, corresponding to a retardation of 1°6 miles per hour per second. In 
the curve of Fig. 16 the power is cut off immediately at the end of the 
accelerating interval (5.е., at the end of 30 seconds, when a speed of 28 miles per 
hour has been attained, a 
distance of 600 ft. having been 
covered), and the train coasts 
for the next 31 seconds (iie. 
for the next 1,200 ft.). The 
brakes are then applied, bring- 
ing the train to rest after 
75 seconds from the start, the 
distance of 9,000 ft. having 
been covered at the &verage 
speed of 18:2 miles per hour. 
Int Fis; 7717 Armstrong 
has illustrated an alternative 
method (shown in the cycle 
o b b 75) of covering the same 
distance at the same schedule 
speed of 182 miles per hour, 
sufficient power being kept on, 
until the brakes are applied, ° 
to maintain the constant speed 
70 of 25:5 miles per hour attained 


Speed in Miles per Hour 


Time in Seconds. at the end of 97 seconds of 
Eig i SPERD-DISTANCE-TIME CURVES. acceleration. 
Distance = 2,000 feet. "ati ПУ 
Time = 75 Вестн! By operating EH the m 
Friction = 16 lbs. per metric ton. o bb 75; instead of on the 


Braking Effort = 160 lbs, per metric ton. 
curve ода 75, 9 per cent. 


lower maximum speed, and, as we shall see later, a lower maximum power, 
is required for a given average schedule speed ; but, as we shall also see 
later, this is at the cost of some 9 per cent. more total energy consumed 
during the run. The relative merits of these two methods, as also that of 


1 “Tt may be said that while there is no material error in assuming constant train resistance 
for all eases where the speed does not exceed 25 miles per hour, yet above these speeds there 
is a possibility of error which becomes a certainty when the speeds reach 40, 50, or 60 miles, 
the amount of error increasing with the speed. This matter is now so well understood that a 
mere mention is sufficient. Very little reasoning will show that the increase of train resistance 
as a function of the speed cannot be left out of consideration in any computations relating to 
high-speed service,”—Gotshall, “Transactions of the American Institute of Electrical Engineers,” 
Vol. XIX. (1902), р. 184, 
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* acceleration on the motor curve," cannot well be considered at any length until 
the subject of tractive force and energy is taken up. It may here be 
briefly stated that cycles approaching that illustrated in Fig. 16 and in curve 
o a a T5 of Fig. 17 are more suitable for frequent stop service at a high average 
speed; but that the longer the run 
between stops, or the lower the average 
speed the more does the cycle employed 59% 
in actual service resemble that illus- ^ 4018 
trated by the diagram о b b 75 of so 
Fig. 17. ~The error introduced by Е 
adopting the latter type of diagram 
throughout this preliminary study, is ШЕ 
the greater the shorter the run between 07-16-26 30 40 50 бо то 60 90 100 ШО 120 
stops and the higher the average speed;  A—Speed-Time Curves for accelerations of 170,124,1:8, 
but the error 18 on the safe side, and and 222 miles per hour per second. 


immense advantage is gained in obtaining Eo 
a preliminary broad view of the limiting ә 
factors, to free this necessarily complex 8 


investigation from as many subsidiary ? 
considerations as practicable. 
Returning to the general case of a 


train to be operated over a straight level aE пан y 

track with a stop every mile and at an 45 5-57 | 

average speed of 30 miles per hour for з es 

each l-mile section (assuming equal aH шир УД 
اا‎ [| 


rates of acceleration and braking), it is 
evident that the very lowest rate of 
acceleration must enable the train, during о 
an accelerating interval of 60 seconds, E 
to cover a distance of 0°50 miles. Fig. 18a ` 
shows us that the corresponding rate of 

acceleration is 1 mile per hour per second 

(1:47 ft. per second per second). We 

may, if we choose, find from Fig. 154 

that the speed at the end of 60 seconds 

is 60 miles per hour (reading off the 

speed from the intersection of the 

ordinate at 60 seconds, with the line of Е 
reference for an acceleration of 1 mile с Speed Distance Curves for same accelerations. 
per hour per second), although this is 
obvious without consulting a diagram. 

The speed-time curve would thus | А 

be the full line curve of Fig. 184, which сары Жалалы мл XE a тей сір 

is marked 41 mile” to indicate that 

an accelerating rate of 1 mile per hour per second is employed. The accelerating 
half is transferred directly from Fig. 15a, and the braking half is merely the reverse 
of this curve. The corresponding distance-time curve is given in Fig. 188; Ше 
accelerating half is transferred directly from Fig. 156. Fig. 18с is transferred 
directly from Fig. 156 for an acceleration of 1 mile per hour per second, and gives 
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braking permissible for this schedule. 
Let us next take an acceleration of 1:4 miles per hour per second (2:07 ft. per 
second per second), and let it be assumed that the braking is at an equal rate. 
Let — duration of accelerating interval in seconds. 
Then 120 — 2 г = duration of constant speed interval. 
The distance in feet covered during acceleration = 05 x 2:07 x 22. 
Speed in feet per second attained at end of accelerating interval = 9:07 x г. 
Distance in feet covered at constant speed = 9:07 х x x (190 — 9 2). 
Distance in feet covered during braking = 05 x 2:07 x а. 
Total distance = 5,280 ft. 
From these values we readily derive the following equation :— 
2°07 2” — 248 x + 5,280 = 0; 
а? — 120 х + 9,540 = 0; 
ла? — 120 x + 3,600 = 1,060; 
2-- 60 = — 395; 
4 = 275 seconds. 

From Fig. 15с we see that after 97:5 seconds of acceleration аё а rate of 1:4 miles 
per hour per second a distance of 0:15 miles will have been covered; and from 
Fig. 15a it is seen that a speed of 888 miles per hour will have been attained. 
During the succeeding 65 seconds the speed will be constant at this value, and a 
distance of 070 miles will be covered at constant speed. During the remaining 97:5 
seconds the brakes will be so applied as to produce a retardation of 14 miles per 


hour per second, and the train will arrive at the end of the mile section in just 
120 seconds. 


If we denote by 


x the duration of the accelerating interval in seconds, 
T the duration of the run from start to stop in seconds, 
A the distance from start to stop in feet, 

a the rate of acceleration in feet per second per second, 


then г = 1 == М Mu 


a 
Instead of by calculation, one may often prefer to determine the accelerating 


interval by one or two trials from the curves of Figs. 15a to 15r. The three 
characteristic curves for this accelerating rate of 1:4 miles per hour per second are 
shown in the 1:4 mile curves of Figs. 184, 18B, and 18c; and it will be readily 
perceived that they are merely made up by combining curves available in Figs. 154 
to 15r. 

Similar sets of characteristic curves for other accelerations, but for the same 


mean speed of 30 miles per hour and the same distance of 1 mile, are also given in 
Figs. 184, 185, and 18c. 


For this case of a level 1-mile section, corresponding charts of curves have been 


worked out for average speeds of 20, 25, 80, 85, 40, and 45 miles рег hour. These are 

not all reproduced here; but in Fig. 20 the whole group of speed-time and distance-time 

curves for this level 1-mile section are reproduced to a small scale, Corresponding 

groups of curves for distances between stops of 05 miles, 2 miles, 4 miles, and 

8 miles, are given in Figs. 19, 21, 22, and 23. These charts are very useful for 
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the speeds as ordinates in terms of distances as abscisse. These are the three ў 
characteristic curves for Ше case of а train travelling over a 1-mile section at an | 
average speed of 80 miles рег hour for the minimum rate of acceleration and - 
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Fig. 20 SPEED-TIME AND DrsrANCE-TIME CURVES FOR VARIOUS ACCELERATIONS AND AVERAGE SPEEDS. ONE-MILE RUN. 


Se 
| Rate of 


е Rate of 
5 3 © 5 5 
с = | Е с с 

sS] Steet "T atque mam BEP AUGE НЕЕ PE R 
Safe зе |<, БЕЛЕС ЖЕЗ — wee ТЕ ха ра за 
ту 3 9 eaa 55. & а > 
Га үс 5 3. Exe ы iE ше © © ГЕ: 
эб [оС $ ща OR ЕЕЕ? 55|%;51|%3 
р взу, ШЕ а ШШШ рше шш, |: 82 
55124142 15 STEPS E кые Еа 5.2 
^ SRE AS 3 раса ааа ци EHE UEM 75, 
p» р =u КИМ а АЕ 
S т)! SEE AMEE E іне TOM pm maza 
3 Й SES Е BS ЫКЫ RUE ES ЕЕ -EEEEEEH 
ed E. Ee я ҒАМ зае [54 NuDEEXxS вале вен 
2 Шет ГІСІ | уар | ЗЫ @ Sie a a 
i d жад; D ке бан E A a dd EAD Ad 
5 24 хуа "all Ж > Е 7, Pa ee a deb Ewe A 
dm CON A РЕ 244; REK ai 
EFER EE ЖОГ ebb E Еро Жар БОКЦШЕНЕР Ht 
те KE E dd: ди тртрзоарарао | ко зеславенза + 
Аде ЕЕЕ ЕЕЕ IE ) ур акш SERES 
ids d DIU. е EN Еа ТЫ ЕГИ dE ў IE. 
ӘРЕ” e OT aa ser} | & ЕЕЕ 
ата | | раве ЕР МКБ | si ee CLL NEL. ІТ Вама aN = е Бат 
35 CoA GEO de d asas edhe ee ра E LA ee eee со ici 
ZA v Д а GON £O 40 60 во № О 160 во Фо 2РО 
i COLI DECIR eu Kd didi 5 | 
اة‎ Ж жаалат A се |3 abe ҮС ЕЗ |< 
20, о 60 2, 0 2 о og О O 4 Ac: ЮЛА 5 зо 
pee ee о а Вадаа ў, Wie ا‎ s س‎ та, 
ЕР За ее PE MEME 
Sool FERS as < а EG ЕМ ЛЕРІМЕН Jg 5 rA \ 
Яс раа айаш шыша щш девите Shy астаны К E | 54.4, сын 
E» 2 ў Хю БА E E EE ДР де БМ, : 
pup ара SRS Rea Бога SE SRE a oes = ERXLLITIY ААА” 
а Sox ч x 24 У РУАН В ВЕ УАТЫ 4 L q 
ТТ” | а-ы TTT | e MENO |. ГУ РГУ 
й, | -z ao ao ДИ Vine абе NI LS. 4 | 
2 АН ЯР А ЧЕТ ie 2 ERA фа TS} e — ЖЕ 
Е Күр лада аа Ы В Етар ааа E Е EI РТТ 
SPT ae) ЕИ азн LN У pm УШ Ко Уже А Рр" 
Қ L^ D оф 80 жо (20 (40 ED 80 C HO £60 Яю 300 9 “/ PALE i ДЕУ 9 50-44 AR 
Ro TLE eer Tee) ИЕБдЕДДДАСЛЛЕЫЛ А2 |3 жеме Bo | | Зала MAA ALA 
5 me PA Rae е Ут ПУ ТЕГА 
$ РЕН к Bes Sema: Š. ШАР а атана VA | удава TL. 
ET Е ШЫ БЕ т ЕД ЕЗ Б Ез ХУ О КЕ Е {| $ ТА ЎР 
Ege up p e por cum 3 REV ed NECS > AL А | а Д о N 
> е x 2 Ва c 9)" » 
Sea” | Sacer ee) [it Hep oe | De CAT ЕЕ 
a |e PAT | bbb Ба | LAT ЕЕ Pe Pe Pp ери тото Гу | pap & p до УТҒЖ ШКУ 
ШИ 206| рро жле 22272222206 OY aT T Е eee ق‎ 2 WR ABB 
جوا ا‎ CU E Erg RES ERI HABERE pags уде Seo | ERES =e 
x а) 40 до 80 4040 00 /DO ЯСО ۵ „а р 
M 5 Se pL ME ЕРЕ brc orm ЧИП ama ا‎ 
2 |еза| ro | £% + SEE ger EH dx —— vd 5 ache ДАЛИ. 
ни H Е ИТЕР, А At 1 
БЕ $ па Letts MPATE TAA | 
де E 5.42 ERdd du руте ФФ 
ut А зор BEBE Sei MAREE заяви ет 
Y ale са х М 
à ADA Ў ПМ Ed ИП Ва ЫСЫ Ы с уш їс а 
СИТА Е 5 REZ 2 » EIOS ша УОЛ ти SS EN 
“0 г: Ф nm 6 
v L| ЭИВЕРЛЕМИНМЕНИЯЫН E i c rec 
D g | „үа ETE 
2 ^ ША 
а n= ا د‎ d ЕТІ ЖМЕШЕШІЛ 
---------- aS HSA РА > £0 Ау. Өз 
i BATES fee иа а 
10 2 Q 7 
Г. a LET LLL 
Mie eec NEL. 2124 ا‎ Ра = 


= --------- 
--=----- — 


aaa жы тз жэ» жэ د د‎ == 
—— - — — ——— —— — 


/ те in Seconds 


Time т Seconds Time in Seconds 


Fig. 91. SPEED-TIME AND DISTANCE-TIME CURVES FOR VARIOUS ACCELERATIONS AND AVERAGE SPEEDS. Тто-Мпя Вох. 
те. d 4 


= 


Rate of 
Acceleration 


Average Speed 20 Miles per Hour 


Rate of 
; 4 ] H Average Speed 50Miles per Hour | Acceleration 
Average Speed 25 Miles per Hour Average Speed 30 Miles per Hour |Ауегаде Speed 35 Miles per Hour Average Speed 40 Miles per Hour Average Speed45 Miles perHour verag - ВЕУ 
А Е d 5 
Hd EH z түп T 1 Em ы S| sp 
с с 
| 3 ЗН ЕНЕН ЫЕ ЕН |, ща Е БЕШБЕНЕ ЫН ме 3 s| S| $ 
5-5 3 
~ ш | xa ке и E OH т на | е e ~ 
ата сер к ----HH- ELA PEERS Bud Баю C DES Еа ко Е ЕРТЕ ІЯ 
es cs[&S| oF Рен х t TTT] |32184 
a сасы о DAM ` БІРЛЕ ` SELE ИШ 84135122 
5 3 an 5 | ГА ЧЕ 
из Qd S NEL а EN щит = ў А N Es gu € c ә с 
=4 5 2 : ж с як 
аве iE i : аша | фев -FEFEH ЕНГІЗ 
че че До sd | | | =e my s dA os | SNR 9% Amm TTT LL) ааа |= 
3n. Re с d | шиша Е | d Sa ИИ рК pp rmm is Om ЗГТ udp 13 
Bee а ci uaa. | Yo Su SET HT SA ig ; ШЕ :44---- HH 
5 ра 9/0 3 a EK" (6 x | 2 224 
3 М | 6 At EE в 5 [> TTA TET 
wo zorl oe] БЕГ ELL ЖАЯ ny i АВ 
р a" ERE р ЗЕ | " ie os LEY Nae 1 
5 | : LIT. 4 с у ? 
РЕБЕ ЕЕ WELZ pA б сы Ux чат 
E = | | hed ШШШ Pin ad цинка i L--- aT | » Зя SA 
aT ERE SA a КЫ ARES „2100 ҚУА) 17 S 
i Ve EEE | ese AES aa : Dota да 
">F =. £ a £ AY h LZ] 71: | 
sae zs | oal GP A сс Albee] суар; VA | ГІ | Press 
E 3 SE ket Ae P4877 240792 А АБББ | ЖИНИНЕ Т 
3 ЕСЕ A БАА, Е t шш Ашы т и E мс Қолдар 
S х 22 а ed 
За Š БЕТІМ та EISELE Е А | و‎ ЕЕ 
с 
с EE REL ышгеш ا‎ а 5 C g^ | A 
E. s цасоване алта we 2 SAT 
E сы st ы Sino san Ys Yol aA. 
а = 2-2 OT 
pas е ARAM a Feed eas aram FB рия тити, | 
: РНТ are Vipan | À Карлы | 4 
j Hide 2; "Беллинг Ерте 
448 ыз 40 ар р бр АМ zT t ЕЕ S 3 тегеш N ва rae 3 
3 t osi cT а а ra $ 25 
E Е аве $ $ тама ee KA 
Be ІНІҢ ic | НЕНІ т 
à See Si давана : ا‎ нин | اا‎ 
өзе 0 REREAD EL DAA N & e IL Lais TTY 
g НЫ Ими 56 ча | ЕШ Гепа 
9 ЕУ ДЕ: S 42-19 TET Сал са : 
-583 = И Sons „Сао ` ` я 
Е с Фа < ТЕРРИ MA NIB 
i j^ сал А ра LH [Wap onm PITE Ls Еа 
628 5 4 = а $ „ен я в | Time in Sedona | ш 
о едо б e In Sedat DET i LIII. a ey a од EEL Lir 
4 килештерә in E ШЕШІ» 25277728 
” САН inn | Е 
9 24 ^ 0 ladc-Polnehkyb | | | | Sol | | Los | | 3 4 Ima 
= Legen tg с e ur 
co re ср: : БИТІ 
+ 7 2 RAS 20 1 РА | Ф 
|: TA |] | LÁ | r eas Detomas 20 
> 74 4 e Tignes 
TEA 5 a BHESNRERAE 
EN s AE è анкетаи 220; 
240| зоө ІН 1 же | ЫЛ Г МЫШ 
2 L. 424 
Vaz > HERT | а 
287 | 324 Sd Ее | ЕЗІНЕ 
"a ШЕЕ ЕСУ Go 5 r 
nel ШЕ: PEF 
| Y. “Ө Fea 
+075 92525 [ 4 47 & 27 Хо АХ АМ AW & 
"LIT 
1/2 | 3°69 


- Кок. 
99. SpEED-TimE AND DISTANCE-TIME CURVES FOR VARIOUS ACCELERATIONS AND AVERAGE SPEEDS, FOUR-MILE 
Fic. 22. tase 


"c oF ч Average Фрвей 20 Miles fer Hour Average Speed 25 Miles per Hour (Average Хреей 20 Miles per Hour \Avera 72 Speed 35 Miles per Hou эуе ее Np ТД 


< Rate of 
- , les per Hour M es per Hour Venue eed а ез foe fou 
orga dpt Me per t erga ее Еее Hur erg pea AME por P mrp uat PA IOP Acceleration 
І АЗУ Ж 
H 
G SIS |ЪЪ 
| 1 i е 1 ZH 
ls ( 5 ЕРЕК А || а) 1 % ва Ка $3 tà ko 
ee sis, |= EET TA $ RI КТ] 5 ЕЛ ЕКТЫ ДА 
RE MT EE um : bs ZH 
Tt ge > 5-8 || 0 YY l B7 t 0 
EE E CEES SEE pe BOAR An | Ре ри аи К ци 8 NEZ UT 
ECL ur is | 3" ЕСІГІ | Е Peer | Ee | à" pa 
ЕР НЫЕ PHHH ННІ | еі ЫНЫ vex | t Sepe I eee 
È ENEEEBL. I алы E се 54 „Ача Аа n y SN : ; m “ч AE asuma. 
| i A EA Be ғы КИ КЕЕ puer Et. EM ИА E. ро Чад де ово | ге | оғ 
РА ид h Bacar) | | Ix. ЕЕ | ИШГЕ ЕЕ ШЕЛ; ә ТТТ, |8 3“ 34 | | 
E теа. ынан РАК E + Е ee ae 
ЕЕЗ ЕЕЕ |да нне r ITT ТУТ ANI ПАЖ | HE | 
ЕБЕБЕЕРБЕНТ- амин | 3 L-H-HEENISS TEILE Г Е i Ае ын. A ei | Маа | a пле | ses | о4 
Hee 0 rime № «ерд \ = 
Ra ae | ke Cee | инишек минин + у eter | d | 5, cast 2 
ЕЕЕ | зы ку дыш | RIT раната $ $ d i 27 2; 
ағла ВТ кулай ше шшш | АЕТ |4 eat а \ à i г 2«s | ва2| co 
ЗЕР ЕГЕТЕ | ЛЕЯ ЕН | Та |+ 1 i 5% қ e 
ek ЕЕ | ec | ee 4 iH 13 4 | à. E de 
"d = ! y?) | 26 C) 7 Es alo Ao Bb бо 210 #6 Tye т 412 750 6:64 < 9 5 k 
арама | Дара уе s do Жак до prodi * Wd doa db iP ^i i я - eade 7 2: 
“а ЕЕЕ т |3 LLL а Mb 1B т 4; СА | 2 ا‎ 
2 - "d Ч | s E " > р 6 а > © 
ЕЕН А Lw |3 Шинин. ipe T i- BEET |а әәә 
PULCLLLLEPTLELII] |а з ا ا ا‎ Й TA | yee |“ Z sale T 
چ‎ of Alston ps HE зи ЗТ | Епа Vis | р, ў 
сг ЎТ T iEn mun t eee p HEH БА 
i LE | d галена THLE о | ^ 
На |: [rime _ln|Seebride и PEGIMNA Ш Ii : E ER EAS 3 : ^765| ^2 
| о 22242 : 1 ime 7) е , b ча мо тр 45 D «ТІЛІНЕ 528 | /-76 
5. L^ бо 560 640 710 800 869 А ДЕ erp ере гер 1 Bete ами Ph t cat ttt I Le 3 HEHE 45 Зы 
ge ined 3 Meee eee US eta (| ЗЕРЕН | Зе à sal Ses 
p. 4 DA Г & 
ЕЕЕ ЕЕ fee ou T : LE АМТ | : 
| A ini HERESY Y p : (eH | қ d eea|2oe| га 
EEE $ Аы TELL Икен LLL | gs SF Tat | Š 
SES ы I е ЕА Иа | Satie | Ыр а esee | s 
4 a و‎ et Sai | %- . 59 р е А és 
B НД | SEO е ӘРІДЕГІ i LE Е j а 
| | | | ЕН V5 Lu à AUTE. cz GELL Ag “0% Дз - 
Bs $ epee, BORA ARE ee | У oy = à ai 4 
CORPS те... КЕ ЕЕЕ. | à $ a 
3 |22/ | /5 $ ШЕ SSP ЕЕ bae $ е f z -807 |£-e4| “в 
amaz TAE EISE : اا‎ Е 
(LR NL ee НАЯ | color |= 
Аа д 3 л реи A = 1, + 
ЗЕРЕН | § Гәп E АГАЙ Хэ ЕЁ 827|2.24 | 20 
ее Ея eene БЇ ЕН съ SEES i H 
© ل‎ yt И B | VLELLLLLI Reto [240 |200 | 27 
| por ГЕ А Fike in Bebo | e E E 
бтр Jn елде | 5 S ТР р | зара | دار‎ 22 
| 5 N HHHH ПАНА! ااا‎ 
У X Ан | | | СІНЕ, 
E am гуа с” wee +075 |3-55| 24 
E ҮЙ > Ше мг |seo| 26 
© 3o ра ыы JS 
ERTH i i 1465\3-82| 2-6 
A easter) | © еее, |0 Шаа 


22; |5:97 | 2-7 


| /.23 | 4-/2 
1 
i 


ВАС -Мпе Кох. 
S : jt ;p DISTANCE-TIME CURVES FOR VARIOUS ACCELERATIONS AND AVERAGE SPEEDS. EIGHT 
Fig. 28. SrEED-TIME AND | 


4 тыз 


di 


са 
. с 
асы т... wary з ^ 4 Друга 
ud. 
“а 


sav 4 


| 2 
— ----- = a та lid f і ; ow № 
QA құлы; қыл ғыз -- E 


LEGI 


—————-- 


7 
LOLI 77 


ACCELERATION 


of 


ә 
3 


лор) 496 520, 41 
pasdg PI 


‘анма 


‘dOLQ ЯО вкошуно( | SQODIVA anv 


ятпачное ANV вкошумялнчооу SOOTUVA АХУ SNOILOWG| JO SHIÐNA LNGWW 


a) ur 072-1972) 
9/ 2/ #0 00 


soc Ad JHOH 55 SAUN Ut YII Жо eau) 
BERS IEEE EE Do wl ЛЕНЕ OA FOO, 


AAHI([ чол заяяас WANIXVIN °F 


678! 


d 


oo сеу/ r pono жеу 


ec ed nou of сауу м {H /б PWY 


0964 9/ у Zi 0180 92 20. 


nay = 


ЖАР 


E] 
29; 


8 
Е = 
5 3 
3 ?3 
[5 Sy © 
ji 
а ` сы 
ЖЕ —— | | - оөз зе | а 3 M 
af ГІ SE: І іш МЕЗ ЕС 
a ali овЎ =f I-— ов“ |SS 
\ ІШЕ | Е 3 À + In 
аа | oor. RSH ا‎ + o3 [xx 
S18 ЗЕ 
5 | |“ 
ad soy y ш 017019222 СЕА погос LX] 40014 420 88/1), OPN 
2 or 2/ 80 Lad е 47 ez o2 EZA y b go * Ca LES 
3 
ІШЕ z | оў 
zB „2 
3a & оь 
m jim 5 DR 
E AW Е ЖШ AEE ЕЗ: 55 
ІІІ 182/9) Y 
тщ i Ж en Шу ii 
а = 
В IB 


Хғ AY 


2 


meas mod 10d сәу r 7 
12:4 g g 


t tf 
è 4 


FOUL) B= 59026 19244720 224 V)8/C] 0 


4004, 49 


SHL ty = 59075 42744790 2212757 


209049 


SY] 099079 4224729 241O 


(poo т 


roy oS CHIH uj 


goucz -has fo согду" 


TDU DIC D -aboc f orn 


27 


ELECTRIC RAILWAY ENGINEERING 


reference in practice. They show the conditions and limitations in a way unattain- 
able with mere formule. After having determined the suitable running conditions 
for a given case by reference to charts, it often becomes expedient to resort to 
formule, but this is largely a matter of individual preference. In the initial stages 
of an investigation, however, the use of charts of this kind is far more instructive 
than the use of formule, and it is a matter for regret that in the limits of a printed 
page such charts must be on so small a scale as to considerably impair their 
usefulness. 

The five curves of the second group of the upper row in Fig. 24 have been 
plotted, for a 1-mile section, to show the maximum speeds required for different 
accelerating rates for average speeds of 25, 80, 85, 40, and 45 miles per hour. By 
“average” speed we shall in this treatise designate the mean speed while the train is 
in motion, i.e., the mean speed for a run from start to stop. By “schedule” speed 
we shall designate the mean speed INCLUDING stops. Thus the five groups of curves 
in the upper row of Fig. 24 represent the average speeds from start to stop, for 
various accelerating rates as abscisse, for runs of half a mile, 1 mile, 2 miles, 4 miles, 
and 8 miles between stops. These “average” speeds approach more closely to the 
corresponding “ schedule " speeds the shorter the duration of the stops. Thus for stops 
of 0 seconds duration, i.e., for the limiting case where the train is started off into the 
next section the instant it is brought to rest after running over a given section, the 
“schedule ” speed becomes equal to the average speed. The second horizontal row 
of groups of curves in Fig. 24 are calculated on the basis of 10-second stops at 
stations, and the schedule speed for any given rate of acceleration and for any given 
length of run between stops is lower than the average speed, and by a rapidly 
inereasing percentage with increasing schedule speed. The lowest horizontal row of 
groups of curves is caleulated for 20-second Stops. 

These curves bring out very foreibly the limits of attainable “average” and 
“schedule” speeds. Thus for a 1-mile run between stops an average speed of 
45 miles per hour is practically unattainable. The minimum rate of acceleration 
possible with such a schedule is 9:95 miles per hour per second; and the 
maximum speed then necessary is 90 miles per hour. Nevertheless, its inclusion 
in the investigation serves to define the problem. 

An “average” speed of 45 miles per hour with one stop per mile, and a 
duration of 20 seconds per stop, involves a total interval of 

45 x 90 
60 
out of every hour during which the train is at rest. 

The corresponding “schedule ” speed is therefore 

a X 45 = 888 miles per hour. 

In practice a “schedule ” speed of 30 miles per hour with one stop per mile 
represents the upper commercial limit, and even this “schedule” speed is of 
doubtful expediency for a route with such frequent stops. 

By a comparison of the corresponding curves for 1 mile and half-mile - 
sections it is apparent that a schedule speed of 22 miles per hour is, for a route 
with half-mile runs, about equivalent, on the score of ultimate possibility, to a 
schedule speed of 80 miles per hour for a route with 1-mile runs. 

The curves of Fig. 25 are drawn to show the minimum accelerating rates 
possible in order to accomplish given average and schedule speeds over routes 
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Curve A. Maximum Speed = 15 x Average Speed. 
Curve B. Maximum Speed = 2 х Average Speed. 
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composed respectively of sections with lengths of half a mile, 1 mile, 2 miles, 
4 miles, and 8 miles from start to stop. From Fig. 25 we see, for example, that 
with one stop per mile and a limiting acceleration of 1 mile per hour per second 
the highest theoretically obtainable schedule speed with stops of 0 seconds duration 
is 90 miles рег hour, and the corresponding schedule speed with 20-second 
stops, is, for the same rate of acceleration, only 25 miles per hour. This rate 
of acceleration (1 mile per hour per second) would exceed the possibilities of the 
best steam service, such high rates of acceleration not being practicable with 
steam-hauled trains of any length. The vaiues given in Table VIII. are deduced 
from Fig. 25. 


TABLE VIII. 


Corresponding Schedule Speeds in Miles per Hour for Runs of Following 
Distances between Stops. 


Sak } Mile. 1 Mile. 2 Miles. 4 Miles. | 8 Miles. 
Se Sie 
Bes zT us Pd ee A ся аа > 
азо g = = д S. dome = TR 5 5 | е = 
eee $ Sa Ba| е ы ы E | Se аа 
555 а |е s = 2 за | = |а, 
| | | | | 
02 |10 | 95| 9 |145 М 18 |20 [195 19 |975 26 | 25 | 40 | 395 39 
04 |185 | 125 | 12 |1 |18 17 | 265|26 |95 | 38 |87 35 | 55] 58 | 51 
06 |165 115 |М | 23 122 |90 | 83 1310180 |46 | 45°) 48 | 67 64 | 62 
ов |19 |17 |16 |97 195 198 |875 |35 | 34 |54 152 | 50 | 
10 |91 19 |175 180 |275 126 |42 |895 | 875 | 60 | 57 | 55 | | 
12 |9 |21 |19 | зз | 80 |98 |46 |485 | 405 || 65 | 62 | 60 | 
14 |95 |925|90 | 36 | 82 | 29-5 | 495 |47 | 48:5 | | 
16 |9?7 |94 |94 |885|84 |81 |58 |50 |46 | | 
18 |99 |95 |22 | 40:5 | 386 | 89-5 | 565 | 525 | 4&5 | | 
90 | 305 | 26 |228 || 42-5 | 38 84 | | | | 
22 || 82 |97 | 98-6 || 445 | 895 355 | | | 
24 |895 | 28 |244 | 46:5 | 41 | 37 | 
26 | 8345929 | 251 | 
2:8.| 85:5 | 80 | 258 | | 
80 || 87:0 | 31 |266 | | | | 
| ! | 


Тһе three curves of Fig. 26 аге derived by taking 90 per cent. of the values 
of the curves of Fig. 25 for 20-second stops and for maximum speeds 50 per cent. 
higher than the average speeds. These curves afford approximate locii of the 
schedule speeds attainable with electric traction for various lengths of run between 
stops. A braking rate of 2 miles per hour per second is quite permissible. 
Hence, with continuous current motors, schedules ranging between the two upper 
curves become practicable so far as relates to the exclusive consideration of speed 
and time, though they would require very heavy electrical equipments when 
expressed as a percentage of the total train weight. 

With electric traction, it becomes possible to distribute the driving effort 
amongst the axles of some or all of the carriages, and accelerating rates above 
2 miles per hour per second sometimes become practicable; hence, were it not for 
‘the question of the instantaneous loads imposed upon the system and Ше weight 
of the electrical. equipment required to be carried on the train (both of which 
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limitations will be discussed later), schedule speeds of over 80 miles per hour 
and 20-second stops would be practicable with one stop per mile. Indeed, tests 
have shown as high an acceleration as 3 miles per hour per second to have 
been attained by electric traction. A curve is given in Fig. 27 of a run made 
over а 5,860-foot section with an electric train weighing 65 metric tons and 
made up of motor-cars without trailers. The average rate of acceleration during 
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Fig. 26. Curves оғ LIMITING ATTAINABLE SCHEDULE SPEEDS FOR GIVEN 
MEAN Rares OF ACCELERATION AND BRAKING. 


Curve A. —Mean rate of acceleration and braking = 270 miles per hour per second, 
ر‎ 5 M BTS EARS 4 
по oS „ ” » =10 ,, E m 


the first 5 seconds is seen to be nearly З miles per hour per second. This rate 
of acceleration was, however, not maintained, and the retardation was at а lesser 
rate; although the maximum speed was 47 miles per hour, the average speed 
was but 85 miles per hour. This was a very high average speed for so short 
a section, and it would rarely be practicable to attain it; for, as we shall 
subsequently show, the amount of power required during acceleration is excessive, 


! These limitations suffice to prevent the practicability of schedule speeds of over 80 miles 
per hour with one stop per mile, and even so high a schedule speed with one stop per mile is of 
doubtful practicability from the commercial standpoint. 
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and the weight of the electrical equipment requiring to be carried on the train 
is enormous, if the service is to be continuously maintained without undue 


heating. It is important to 
note that this is the case, 
although, could the 3 miles 
per hour per second accele- 
rating rate be maintained, 
we see from the curves of 
Fig. 25 that a 50 per cent. 
higher average speed (52 miles 
per hour) would be practicable 
without exceeding any limita- 
tions introduced up to this 
point of the investigation. 
Mr. Mordey, in discussing 
tests on the Liverpool Overhead 
Railway, has shown that two 
or three seconds after starting, 
the accelerating rate reached 
28 miles per hour per second. 

Turning back to Fig. 24, 
the general form of the upper 
curves (1.6., those for average 
speeds of 45, 40, and even 
35 miles per. hour) affords 
evidence, quite aside from the 
question of power and weight 
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‘of equipment, of the commercial impracticability of maintaining an average speed 
of much over 80 miles per hour with one stop per mile. 
For the purposes of this general investigation, the diagrams are drawn for 


Time in Seconds 


Fig. 28. 


а constant rate of acceleration throughout Ше 


SPEED-TIME CURVE FOR A CONSTANT 
ACCELERATION OF 2'2 MILES PER HOUR PER 
SECOND. AVERAGE SPEED 40 MILES PER HOUR. 


Time іп Seconds 


Fig, 29. SPEED-TIME CURVES FOR А MEAN 
ACCELERATION OF 2:2 MILES PER HOUR PER 
SECOND. AVERAGE SPEED 40 MILES PER HOUR, 


accelerating interval. Іп practice, 


however, the rate of acceleration is itself variable, being at first rapidly increased 


to above the average rate and then decreased until constant speed is reached. 


By 
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such variation of the rate of acceleration, it is practicable to employ a high average 
rate of acceleration without undue strain upon the rolling stock and permanent way, 
and without much discomfort to passengers. This is the more necessary the higher 
the average rate of acceleration. Thus the curve of Fig. 28, reproduced above, would 
in reality be replaced by a curve more like that in Fig. 29. 

The charaeteristie of a series motor plays an important part in determining the 
form of the upper part of the acceleration curve. In the generally employed sense, 
the acceleration occurs on the “ motor curve” from the point where the resistance in 
series with the motor has finally been completely cut out. From this point onward 
the speed increases at a slower rate, which is a function of the motor’s speed curve, 
the current falling off as the speed increases, until the watts input falls to the value 
required to overcome the train resistance at constant speed. It is frequently the case 
that the resistance is completely cut out before more than two-thirds of maximum 
speed is reached, and the remaining one-third is run on the “motor curve." The 
point where operation on the “motor curve " 
commences is a function of the design of 
the motor and of the rate of acceleration 
employed. This must for the present be 
overlooked, as it would hopelessly involve 
the preliminary study of the mechanies of 
electric traction were it necessary to intro- 
duce at this stage the varying conditions 
peculiar to the use of several types of motor, 
or even to consider the varying charae- 
teristics of motors of the same class. The 
thorough study of this matter of accelera- 
tion on the “motor curve” must be taken 
up at a later stage. The difference intro- 
duced in the speed-time curve for the case 
already illustrated by the diagrams in 
Figs. 16 and 17 is seen in Fig. 30, where 
Fig. 30. То zunUsrRATE Case or Ruwwiwg #6 case of running on the motor curve is 

on “ MOTOR Curve.” shown in the curve 0 c c 75, which may be 
compared with the curve O b b 75, drawn 
in dotted line, which is reproduced from Fig. 17. As we shall see later, the 
cycle Осс 75 requires the lowest maximum input and the lowest total input for 
maintaining the specified service, and it is a point of great economie importance 
to accelerate on the “motor curve” to the extent permissible with high accelerating 
rates. For an equipment employing a given design of motor, the higher the initial 
accelerating rate the sooner will the series resistance be eut out, and the sooner will 
the point of economical acceleration on the motor characteristic be reached. The 
average rate of acceleration and the average speed between stops will, however, be the 
more greatly reduced the воопег the point of acceleration on the motor characteristic 
is reached. 

A few additional groups of speed-time-distance curves have been constructed with 
a view to showing some striking contrasts occurring as the result of variations in the 
factors of rate of acceleration, average speed, and distance between stops. In Fig. 81 
are shown for an average speed of 40 miles per hour the speed-time (S.-T.) and 
speed-distance (S.-D.) curves for accelerating rates of 1, 2, and 8 miles per hour 


32 


Sai 
SIE 


MENSEM 
ES 


I3 
3 
5 
т 
[s 
& 
а 
© 
ЕУ 
= 


ETE) 
срез 


/| 


ganan 


ОЕ 
на 


Time in Seconds 


= 


“SHIDNA'T SQODIVA JO SNIY чоя чпорр Ald SATIN 0р яо аянав яоучилу NV моя вилна нохуавтд-ачнав аму ян-аячав 


9% ot 25 bz 


Фо 96 ФУ ob 75 bz от 8: 
| "spi Jul] ә 791510 


ds 


mo 


9 
ads 


ѕәрш u! paar 


сч 


== 
r2] 


m- aad 


о 
со 
ѕәһш ш рә 


а 


9 
ж 


N 


ACCELERATIO 


о 
г 


әдіс 


рә 


2 
N 


әш ш 


$ 
d 


E 
"nou лә 


о 
N 


ри0225 dad unoy uad <ә с 
зувпфа ио1зе./2/202у JO a7ey 


nou je 


puoo2oas Jad unoy чай sajiwz 
sjenba uorqge42/2322Y шо әзеу 


Е 


9 
рәәдс 


Q 
bu 


әш ш 


2 9 


"noy aed $ 


= 


LE 


o 
0 


09S ОВЪ ОЮУ О 05 оо 
"dpuposs | uf pwi, T 


H 


pods 


сч 
гш шор 


d s 


"nou 49 


o 
wo 


| 


Bmg 


o9 


puooas чәа unoy 120 әггу | 
syenba uoi2643/329 Y JO 2784 


SIAINDIAIMUEISIGC 


Te `5 


paads 


paads 


залит aul 


33 


E.R.E. 


ELECTRIC RAILWAY ENGINEERING 


per second. Similar charts for other speeds have been worked out, but are no 
reproduced in this treatise. 

From a comparison of these various curves it is very apparent that the accele- 
rating conditions exert an ever diminishing influence the greater the distance between | 
stops, and the lower the average speed for a given distance between stops. High - 
rates of acceleration are the less necessary or desirable the greater the distance H 
between stops. A large number of useful conclusions may be drawn from curve | 
based on these and similar charts. 

In the left-hand vertical column of Fig. 82 are plotted S.-T.-D. curves for a 
accelerating rate of 2 miles per hour per second, and an average speed of 60 i 
miles per hour, for distances between stops of 2, 4, and 8 miles. - While for a stop | 
every 2 miles an average speed of 60 miles per hour is only just possible by. | 
calculation at this rate of acceleration, and quite unattainable in practice, it becomes | 
quite practicable with one stop per 8 miles. j 

In the right-hand vertical column of Fig. 32 are given corresponding curves for - 
an accelerating rate of 8 miles per hour per second, which, as we shall see later, | 
requires too great a consumption of energy during the accelerating period and too - 
heavy an equipment to be commercially practicable. H: 

Both vertical columns of Fig. 33 relate to runs of 4 miles between stops at 
various speeds. The groups of curves in the left-hand column correspond to в 
accelerating rate of 1 mile per hour per second, which, while moderate for electric 
traction, is too high for steam traction ; the accelerating rate in the groups of curves 
in the right-hand column of Fig. 88 is 2 miles per hour per second, which is 
practicable with electric traction, but is unattainable by steam-hauled trains. Looked 
at with these facts in mind, the two sets of groups of curves show at a glance the | 
great increase in schedule speed rendered practicable by electric traction, even with 
such a comparatively long run as 4 miles between stops. 

It is evident from the results of our investigation up to this stage that, altogether | 
apart from the energy limitations, there are limitations to the practically attainable 
schedule speeds, which limitations are the more narrow the shorter the run between 
successive stops. 

We shall now set forth a general method for investigating this matter in 
any case which may arise, always assuming that the rate of acceleration equals 
the rate of retardation, that this rate is constant in each case, and that during 
the time intervening between acceleration and retardation, constant speed is 
maintained. 

We shall designate by— 

A the distance from start to stop in feet; 

г the time of acceleration in seconds; 

T the total time from start to stop in seconds ; 

Vmax. the maximum speed between stops in feet per second ; 

Vav. the average speed between stops in feet per second ; 

0 the rate of acceleration in feet per second per second ; 

B the minimum rate of acceleration which will carry the train over the 
distance A in a specified time T, the train being then abruptly brought 
from the maximum speed to rest by the application of an infinite 
braking effort. 
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ACCELERATION 


ГА and T are given, В can be found by means of the curves in Fig. 15. Let 


= 2 i.., а 1s equal to the fraction of the total time which is devoted to 


eceleration. 3 
From these premises the two following equations may be derived ! :— 
Мы 1, " 
V. та’ i 
[ещ 16 
Bo Ball — e 


These two equations, I. and П., are correct for all distances A, for all average 
peeds V,,, and for all accelerating rates b. Their use may be simplified by plotting 


1 Equations I. and П. are derived as follows :— 


We have— 
т, (1) 


nd also 


у у 
А = e Vinge (T — 22) + OE 2, 


hich simplifies into 


EE O (2) 
From (1) and (2) we һауе- 
| У Т. = У = а) , 
Мена = T = 1 
утре ръба р 
ау T (3) 
We also have given— 
а: (4) 
ah 
УС 1 
м Ша, 
hich is Equation I, 
We also have— Е 
Муз = b.e, (6) 
Ч 
p — Уак (6) 
2 
ut 
7 а 
max. nic a’ 
b= аа (1) 
г (T — г) 
We also have given— 
2А 8 
Beato. 9) 
T? 
From (7) and (8) we obtain 
@ а ТЕ 
В 22(Т-@) 
ut 
T = * (from (4)); 
а 
b __@ 
B 2 а? Е - =) 
а 
г 
1 


Opes 
В П Sume 
hich is Equation II. 
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‚ and of 


И max. 
V av. 


Values of 


uod 
AE 


Values of a (27$ Е 


Fig. 34. 


them in the two curves, (I.) and (IL), of Fig. 34, with values of а as abscisse, ад 
with the values 


T 


үш апа Е 


respectively аз ordinates.! 


b я : : Е 
5 Ags тах. and — p Bre ratios, we may employ the curves of Fig. 34 without reduction from 


av. 


or kilometres per hour (as the case may be) to feet per second, or from miles per hour per second 
feet per second per second. 
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The use of the curves in Fig. 34 may be best illustrated by means of an example. 
Given a 1-mile section (A = 5,280 ft.), average speed = 30 miles per hour ; 
.'. T = 120 seconds. 
в ВА _ 2 x 5,280 
dE APTUS 
= 0:78 ft. per second per second. 
Let us ascertain the maximum speed (Vmax) and the minimum rate of accelera- 
tion (6) which will be necessary when 2 equals 18 seconds. 
p |: 
| а = в = 0°15, 
i.e., the accelerating interval x is 15 per cent. of the total time T from start to stop. 
From curves I. and II. of Fig. 84 we find respectively that 
Ула. — 1:90, and that гі = 8%; 
Vo = 120 х Vy = Г 
End 0 = 3:9 В = 8:9 X 078 = 
per hour per second. 

Suppose, on the other hand, that we want to maintain this same average speed, 
and that we wish to accelerate and retard at the rate of only 1:5 miles per hour рег 
second. How many seconds will be required for acceleration ? 

B remains equal to 0°78 ft. per second. 

$ = 15 x 1:47 = 2:20 ft. per second per second. 

DENDO SS 
В = 073 = 8:02. 
From curve П. of Fig. 34 we find 


а (==) == (072155 
2.2: 091 Т = 091 x 120 = 25-2 seconds. 
The acceleration will thus occupy 25:2 seconds. 
From curve I. of Fig. 84 we find that 
Уша = 196; 


/ 
ау, 


У. = 126 x 30 = 878 miles per hour is the maximum speed required. 


20 x 80 = 86:0 miles per hour. 
2°85 ft. per second per second, or 1°95 miles 
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Figs. 354, 35B, and 35c. CHARTS SHOWING 
TRACTIVE FORCE WITH VARIOUS ACCELE- 
RATING RATES ror TRAINS OF DIFFEREN? 
WEIGHTS 


Chapter III 


THE TRACTIVE FORCE AND THE POWER 
AND ENERGY AT THE AXLES 


P to this point the relations between 
speed, distance, and time have alone 
been considered. The corresponding tractive 
force must next be discussed. 
During acceleration at a constant rate on 
a level the tractive force is made up of two 
components, the one constant and a function of 
the rate of acceleration and the other a variable 
component and a function of the speed from 
instant to instant. During operation on the 
level at constant speed the tractive force is also 
constant, and is a function of the speed. The 
tractive force required for acceleration, and 
corresponding to various rates of acceleration, 
has already been given in Table VII. То these 
values must be added the variable tractive 
force from instant to instant required for over- 
coming the tractive resistance as Ше speed 
increases. Тһе percentage difference which | 
this introduces is a function of the rate of 
acceleration and of the weight of the train. 
In Figs. 354, 35s, and 85с are given curves 
showing for 50-ton, 200-ton, and 800-ton trains, 
the tractive force required per ton weight of 
train to maintain various rates of acceleration 
during the accelerating period. It is seen that 
throughout this wide range of train weights 
(.e., from 50-ton to 800-ton trains) the variation 
with the weight is not great, and in order to 
simplify the calculations we shall, for sub- 
sequent work, take as the tractive force per ton 
during acceleration that corresponding to a 
200-ton train as sufficiently correct for all train 
weights. 
Thus the curves of Figs. 364, 365, 36c, and 
40 
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Figs. 364, 36B, 36c, and 36D. CHART SHOWING TRACTIVE FORCE WITH VARIOUS ACCELERATING 


Rates FoR 200-Ton TRAIN. 
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Әбр, which really refer to the tractive force per ton weight of train for a 200-ton p 
train, will be employed for all train weights, and it may be kept in mind that this 7 


Rate of Acceleration (and Retardation). 
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Fig. 37. Curves or SPEED, Твастіуе FORCE, Power, AND ENERGY AT AXLE. 200-Tox TRAIN 
OPERATED BETWEEN STOPS AT AN AVERAGE SPEED OF 30 MILES PER Hour WITH ONE STOP 
PER MILE 


gives somewhat too liberal values for long trains and somewhat too low values for 
short trains. 


Let us take the case of a train operating with one stop per mile at an 
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‘of Fig. 20. 


ШЕН TRACTIVE FORCE AND POWER AT THE AXLES 


average speed of 30 miles per hour between stops. Assuming constant rates of 


acceleration and retardation and a 

acceleration to the commencement of 
accelerating rates of 1:0, 14, 18, and 
2-9 miles per hour per second will be 
those already given in the curves of 
Fig. 15 and in the curves of column C 
These curves are repeated 
in the upper row of Fig. 87. The 
corresponding tractive force-time curves 
are given in the second row, the constant 
speed figures relating to a 200-ton train.’ 
The rate of expenditure of energy at the 
axle, in foot-pounds per second per ton 
weight of train, is given in the third row.. 
As a kilowatt equals 737 foot-pounds per 
second, the energy expended in kilowatts 
at the axle per ton weight of train moved, 
is readily deduced, and is given in the 
fourth row of curves. The fifth row of 


uniform speed from the completion of 


retardation, the speed-time curves for 
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Fig. 38. Curve or Wart-Hours AT AXLES PER 
Ton-MILE FoR 200-Ton TRAIN OPERATING WITH 
ONE STOP PER MILE АТ AN AVERAGE SPEED OF 
30 MILES PER HOUR BETWEEN STOPS, AND WITH 
VARYING RATES OF ACCELERATION. 


curves shows the total watt-hours at the axle per ton weight of train which, at any 


given time from the start, have been consumed. 


Henee the value at the point of 


cutting off the current represents the watt-hours at the axle per ton-mile for the 


entire run from start to stop. 


This, for the different rates of acceleration, is as follows :— 


TABLE IX. 


Consumption of Energy at Axles in Watt-howrs per Ton-Mile, One Stop per Mile. 


Watt-hours at the Axles per 
АЕ | Ton-mile for а 200-ton Train 
M НА e а | operated at а Schedule Speed 
a ре one. | of 30 Miles per Hour between 
1-mile Stops. 
1:00 117 
1:40 5T 
1:80 50 
2:20 47 


The results in Table IX. are plotted in the curve of Fig. 38. It is evident 


that, so far as relates to obtaining a low rate of expenditure of energy 
axles in watt-hours per ton-mile, a high rate of acceleration is desirable. 


be seen later, however, that this may 
other disadvantages. 
An interesting point to note is tha 


at the 
It will 
entail an unduly heavy equipment and 


t the maximum instantaneous load at the 


axles required for this average speed of 30 miles per hour between stops and one 


stop per mile, first decreases with increasing rates of acceleration, and after passing 


1 A representative 200-ton train will be assumed in much of the following discussion. Rough 
modifications of the results will generally give a basis for sufficiently accurate values for lighter 


and heavier trains. 
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through a minimum at а rate of acceleration of about 1:8 miles per hour per 
second, again increases with higher rates of acceleration. This may be seen from 
the third and fourth rows of diagrams in Fig. 37, but is more clearly brought out 
in the curve of Fig. 89. l x 

The average power at the axles in kilowatts per ton weight of train for a 
200-ton train operating at an average speed of 30 miles per hour between stops, 
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and with one stop per mile for these four rates of acceleration, is readily derived 
from the values in Table IX., and is given in Table X. 


TABLE X. 


Average Power at Axles in Kilowatts per Ton, One Stop per Mile. 


Rate of Acceleration in 


Miles per Hour per Second. Average Power at Axle. 


1:0 | 3°50 kilowatts 
1:4 Tenit > 
1:8 1:50 м 
Do 1°41 M 


The results in Table X. are plotted in Fig. 40, and this also is in favour of 
à high accelerating rate. 

For the same schedule speed of 30 miles per hour, but with but one stop 
per 2 miles, the calculations will be carried out tabularly instead of by diagrams. 
The steps may be readily followed from Table XI. 

As the purpose of these caleulations is restricted to setting forth limitations and 
imparting ideas of the general magnitude of the quantities involved, it would be out 
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ELECTRIC RAILWAY ENGINEERING 


of place to employ any close degree of accuracy ; thus but three, and often only two, 
significant figures are employed. 

In Table XI., by expressions such as “ energy expended at the axles” is meant 
the propelling energy alone. The braking energy expended in virtue of the 
stored-up energy of the train is, for low rates of acceleration, often a very large 
percentage of the total energy expended at the axles in propelling the train. А 
considerable portion of this may be recovered by “ regenerative control” methods. 


Fig. 41, Curves ror TRAMCAR OPERATED ON ORDINARY SERIES PARALLEL AND ON 
REGENERATIVE CONTROL SYSTEMS. 


Basis of calculations :—Weight, loaded саг, 11 tons; car friction, 19 10, per ton, excluding gearing ; motor efficiency, 
50 per cent., including gearing ; 5-вес, stops; schedule speed, 8 miles per hour; level track. 


The amounts involved in the above case of an average speed of 30 miles per hour 
for a two-mile run from start to stop are shown in Table XII. 


Taste XII. 
Hécoverable energy per tun mile in percentage of total energy expended at axles 
per two mile run from start to stop and average speed of 80 miles an hour. 


Rate of acceleration in miles per hour per second . І. | 0550 0°60 1:00. | 14021 TO N 
Maximum speed. i.e., speed at completion of accelera- | IL! 60 43 35 3a |) ass. | зт 


tion, in miles per hour . +) 

Stored-up energy of (In foot- pounds (34:2 2x IV.) MS ЕА с | E 

motion perton weight) of Лл; СІН HI | 265,000 | 136,000 | 91,000 80,600 75,500 | 71,000 
of train at above speed In watt-hours (ПТ. + 2,650) Ду; 100 51 34 30 28:5 27 

( For accelerating interval (ХҮП. | 


Хоп - recoverable р с : ; 
energy at axles лс minus ТУ. of} | № 18 5 2 1-1 0-9 06 
m йаш 3 hours For constant speed interval VI 5 E : а 28 
per ton weight , (XVIII. of Table XI.) Ў 0 25 28 28 28 
кшмге, For retarding interval рак SU NIE 18 5 2 Т 0:9 06 
5 нь Total of поп-гесоуега е energy y 
friction for 2-mile run from start to+| VIII. 36 35 32 30 30 29 

"ctl atop (ТАШУ ae VIL) J| 

Total non-recoverable energy in watt-hours s toa-) d А Е 
Ше (VIII. + > р 1х.) 18 17 16 15 15 14 

Recoverable energy in watt-hours per ton (ТҮ. - “ҮП. ) Х. 82 46 82 29 276 | 26:4 

» per ton-mile (X.+2) XI. 41 23 16 15 14 13 

Watt-hours expended at axles рег ton-mile(IX.+ XL.) | XII. 59 40 32 30 29 27 


Recoverable energy per ton-mile in percentage of 
energy expended at axles, i.e. (XI. in per cent. j XIII. | 70% 58% 50% | 50% | 49% | 48% 
of XIT.). d ч 5 : Е 2 3 : 


free RACTIVE БӨКСЕ AND POWER AT THE AXLES 


Item XIII. of Table XII. gives the percentage of recoverable energy; this only 
| represents the recovered energy on the basis of 100 per cent. efficiency of recovery. 
_ Of course, the recovery will be at far less than 100 per cent. efficiency, for the motors 
must act as dynamos with very variable speed and load, and there will be external waste 
in controlling the rate of regenerative braking. Assuming that the energy required 
from the trolley or third rail averages 1:33 times the energy expended at the axles in 
propelling the train, and that the stored energy is recovered at 66°7 per cent. efficiency, 
` then the percentages of recovered energy for the case analysed in Tables XI. and XII. 
are as set forth in Table XIII. 


TABLE XIII. 


Summary of results given in Table XII. 
Assumptions are— 
Energy input = 188 x energy at axles.! 
Mean efficiency of recovery by regenerative braking = 66°7 per cent. 


Energy Input | Energy recovered ee 
aes to Train in by Regenerative Бо ntage of 
2. É F Emen АЕ Energy 

Su Miles Watt-hours per |Braking in Watt В EA 
per Hour ; er Ton-mile hours per Ton- En E In an 
т Бовар (1:38 х ХП. mile (0:667 of XI. РА 

% 3 of Table XIL). | of Table ХП.). | P SEED; 

| 
0:50 79 27 34% 
0:60 58 15:8 29%, 
1:00 43 10-7 25% 
1:40 40 10:0 95% 
1:80 38 9:4 25% 
2°20 36 87 24% 


Thus by means of reconverting to electrical energy for return to the line, we may, 
in the above case, recover some 25 per cent. of the energy input to the train. Of 
course, this percentage varies greatly, depending 
chiefly upon the frequency of stops and the 
schedule speed between stops. In the case of 


tramway work, it is also greater in a hilly e 
district. While these articles relate to heavy 19015-- к 
electric traction, it will nevertheless be of e 
interest to give curves based on results obtained цо 


in the authors’ practice from comparative tests 
made by them upon tramears equipped on the 


regenerative control principle and on the ordi- |2 
пагу series-parallel control system. These E 

. . a 
curves are reproduced in Figs. 41 and 42. 70 


From the curves one sees that for relatively 
low schedule speeds and infrequent stops the 
advantage of employing regenerative control 
becomes very slight; and taking into account 
the greater weight of a regenerative control 
equipment, the use of such a system would, in 
certain cases, even be a distinct disadvantage. 
On the other hand, a relatively high schedule speed, with frequent stops, permits 

1 This value will vary considerably with the type of equipment, the rate of acceleration, the schedule 
speed, and the number of stops per mile, and is only taken as a rough value for illustrative purposes. 
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Schedule speedinmiles per hour 
505 4 8 12, (e 


Fig. 42. TRAMCAR RELATIVE INPUTS AT 
DIFFERENT SPEEDS ON LEVEL TRACK. 
Basis for calculation :—Four stops рег mile; car 


weight, loaded, 11 tons; car friction, 19 lbs. per 
ton; motor efficiency, S0 per cent. ; 5-sec. stops. 


ELECTRIC RAILWAY ENGINEERING 


of much greater advantages from the use of a regenerative control system than 
is generally realised. In fact, the brief periods of notoriety which these systems 
enjoy, prior to disappearing from the scene, appear to be in considerable 
measure attributable to the failure to make exhaustive comparative tests of a 
character suitable to bring out clearly the considerable advantages which such 
systems would possess for certain cases. In view of the large amount that is 
written on this subject of regenerative control, the absence of a thorough recognition 


30 Miles pen Hour. 45 Miles Per Hour. 


+ H 


о 20 60 100 j 0 20 60 100 y 0 20 00 100 қ 
Масе hours at axles pertonmile.  WatEhours at axles per tonmile. Watt-hours ataxles per tonniile, 


60 Miles per Hour. 
с 


Rate ofacceleration іп 
miles per hour per second. 


r at axles 


inkilowatts per ton vego train. 


Maximum instantaneous 


0.4 8 I2 I6 20 2 
Rite of acceleration in 
miles per hour per second. 


Fig. 43. Curves or ENERGY AND MAXIMUM INSTANTANEOUS POWER AT AXLES. 


Curves numbered I — One-mile run from start to stop. 


3 5 П = Two-mile ,, ” ” 
» IV = Four-mile ,, ” ” 
» VIII = Eightanile ,, m » 


of the real conditions of success or failure forces the authors to conclude that their 
inventors, or rather the exploiters and their technical staff, have not themselves yet 
arrived at a clear understanding of the matter. 

There is another simple means of reducing the energy input to a certain extent. 
This consists in “ drifting " ог“ coasting” to the destination, and decreasing the use 
of brakes, or, in other words, employing the train friction to brake the train. This 
has already been alluded to on pp. 98 and 27. The method of operation reduces the 
energy required at the axles, since the train friction is unavoidable, and might as well 
be employed to reduce the amount of energy required to be stored up in the train, 


> 
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' only to be subsequently wasted at the brake shoes. Ву modifying the diagrams to 
take into account the further economy obtainable by substituting a “ drifting " stage 
| for the constant speed stage, a moderate reduction may be effected in the watt-hours 
per ton-mile for very short runs between stops, for the higher rates of acceleration; 
but for longer runs between stops the result will be relatively but slightly affected. 
This is also true of the economy attending ‘‘acceleration on the motor curve,” a 
discussion of which must be deferred. The use of diagrams based on constant speed 
. running and equal rates of acceleration and retardation has the advantage of giving a 
better-defined basis for comparison of operation under various conditions as regards 
. schedule speed, frequency of stops, and accelerating rate; it gives results on the safe 
| side of the attainable values. The magnitude of the errors introduced by not taking 
advantage in these calculations of the further economies of “ drifting" and of 
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Fig. 44. CURVES оғ ENERGY REQUIRED AT AXLES OF 200-Ton TRAIN FOR VARIOUS 
LENGTHS оғ Кох AND SCHEDULE SPEEDS. 


Assumed mean rate of acceleration and braking = 1 mile per hour per second; level track 


5 
% 


acceleration on the motor curve, will be discussed in a later section. “ Drifting ” has 
the advantage over regeneration that one avoids the loss of energy involved in recon- 
verting mechanical into electrical energy. Advantage ought to be taken, according to 
the conditions, of both of these means of securing increased economy. 

Calculations on the same lines as those set forth in Table XI. have been 
made for other speeds and frequency of stops, but it will only be practicable to 
give the final results as plotted in curves. In the upper row of curves of Fig. 43 
is given the energy required at the axles in watt-hours per ton-mile corresponding 
to various. rates of acceleration and to schedule speeds of 30, 45, and 60 miles 
per hour between stops, and for 1, 2, 4, and 8-mile runs. 

In the lower row of curves of Fig. 43 are given, for these same conditions, 
the values of the maximum instantaneous power at the axles in kilowatts per ton 
weight of train. 
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Working from the curves in the upper row of Fig. 48, and limiting the | 
investigation to a mean rate of accelerating and braking equal to 1 mile per hour | 
per second, the full line curves of Fig. 44 are obtained. These curves, for which | 
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Fig, 45. 


Curves оғ ENERGY INPUT то 200-Тох TRAIN FOR VARIOUS LENGTHS or RUN AND 


SCHEDULE SPEEDS. 


Assumed mean rate of acceleration and braking = 1 mile per hour per second ; level track, 


the stops are taken as of 15 seconds duration, show the relation between schedule 


speed and watt-hours at axles per ton-mile for a 200-ton train. 


Bales 
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Ratio of maximum to average power at 
Ше 


Rate of acceleration in 
miles per hour per second. 

0 8 16 24 
Fig. 46. Curve SHOWING RELA- 
TION BETWEEN THE ACCELERAT- 
ING RATE AND THE RATIO OF 
THE MAXIMUM TO THE À VERAGE 
POWER AT THE AXLES, 200-Тох 
TRAIN OPERATED WITH ONE 
STOP PER Two MILES, AT AN 
AVERAGE SPEED OF 30 MILES 

PER HOUR BETWEEN STOPS, 


For lighter 
trains the energy required at the axles per ton-mile 
would be slightly greater, and vice versá for heavier 
trains. 

With a view to obtaining eorresponding values 
for the total input to the car, the efficiency assumptions 
indieated by the dotted lines of Fig. 44 have been 
made. ‘These efficiencies are taken lower the more 
severe the service, the degree of severity of the service 
being indicated by the extent to which a curve at the 
point under consideration has approached the horizontal 
direction. In general the service is more severe the 
more frequent the stops for a given schedule speed, 
or the greater the schedule speed for a given frequency 
of stops. The more severe the service the greater is 
the length of time that rheostatic losses are occurring. 
The efficiency curves are only rough approximations, 
and may be considered as giving a general idea of 
the values obtaining іп series-parallel control with . 
600-volt trolley pressure and  continuous-current 
motors. 

The results for the watt-hours input to the train 
per ton-mile as a function of the schedule speed and 


length of run from start to stop, are, for 15-second stops, given in the curves 
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of Fig. 45 for a 200-ton train, the mean rate of acceleration and: чаш» being 
taken at 1 mile per hour per second. 

f Item XXII. of Table XI. shows the dependence upon the accelerating. rate 
of the maximum to the average power at the axles for the 2-mile run atsan 
average speed of 80 miles per hour. The values are plotted in the curve “of . 


acceleration. It entails equipments of high maximum capacity, and also power- 
‘house plant and line with high maximum capacity. The larger the number of 
equipments in service, the more will the disadvantages of a high ratio of maximum to 
average capacity be decreased, since the peaks of load of the different equipments 
will be so distributed as to give, at the power-house, a far lower value for the 
‘ratio of maximum to average load.  Herein lies one of the great advantages of 
electric traction; for while, for such a service as that corresponding to the curve 
of Fig. 46, a steam locomotive would be obliged to provide energy at the axles 
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Fig. 47. TYPICAL TRAIN CHARACTERISTIC (S.-T.) Curves FOR TRAINS OPERATED 
BY CONTINUOUS CURRENT. ` 


at rates constantly varying through a wide range, an electric service, with 
numerous trains fed from a single power-house, would give a relatively constant 
load on the prime movers at Ше power-house, and such a number of sets may at 
any time be placed in service as shall suffice to ensure operation at an economical 
range of loads. 

Again, another reason for operating at low accelerating rates in steam service, 
is seen from Fig. 46. Were a steam road to operate trains at a schedule speed 
of 80 miles an hour between stops, and with one stop every 2 miles, the moderate 
rate of acceleration of 1:4 miles per hour per second would give a ratio of maximum 
to average load at axles of over 10:1, and would entail very low economy at the 
locomotive. Somewhat higher rates of acceleration than this, and consequently 
higher schedule speeds, can, however, generally be economically provided for by 
electrical operation where a frequent service is employed, since the peaks 
occasioned by each of the numerous trains will occur at different times, resulting 


in a relatively uniform load on the engines at the power-house, and thus 
51 E 2 


‘Fig. 46. Неге we see plainly one of the disadvantages of a high rate of > 
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Fig. 48. TYPICAL TRAIN CHARACTERISTIC (§.-T.) Curves FOR CONTINUOUS Current EQUIPMENTS, 
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permitting of far smaller total steam engine capacity than the sum of the maximum 
capacities of the numerous locomotives which would be required with a steam 
| locomotive service. 

| In a recent paper (“ Technical Considerations in Electric Railway Engineering," 
Institution of Electrical Engineers, January 25th, 1906), Carter has published the 
curves reproduced in Fig. 47, which show typical speed-time curves for trains 
operated by continuous current. Carter acknowledges that credit is due to 
| Mr. E. Н. Anderson for first pointing out this use of a single curve for a number 
ofruns. Аз it will appeal to many engineers as more useful in rapid work, the 
` authors have developed from Carter’s curves, as shown in Fig. 47, the chart 
| of curves given in Fig. 48. 
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Chapter IV 


THE STUDY OF THE CHARACTERISTICS OF ELECTRIC RAILWAY 
MOTORS AND OF SECTION CHARACTERISTICS AND THE CON- 
STRUCTION OF LOAD CURVES 


N the vast majority of electric traction undertakings, the continuous-current series 
motor is employed. A considerable range of variation is possible in the design 
of this type of motor; the feature which chiefly affects the form of the speed-time curve 
during the accelerating interval is the degree of saturation of the magnetic circuit. 
In the series motor, the field excitation is supplied by the main current, which 
passes not only through the armature windings, but also through the field magnet 
windings on its way from the trolley or third rail to the track rails or other return 
conductor. The excitation is consequently proportional to the input to the motor, 
and hence algo roughly proportional to the load on the motor, and were it not for 
the saturation of the magnetic circuit and for the internal resistance drop, the speed 
at constant terminal voltage would be inversely proportional to the amperes input, as 
shown in curve A of Fig. 49, where, for instance, at 50 per cent. of full load, the speed 
is double that at full load. In other words, letting I = current input, and letting 
R.P.M. = speed in revolutions per minute, then, assuming 100 per cent. efficiency 
and no saturation of the magnetic circuit, we should have for all inputs 
I x R.P.M. = constant. 
Thus curve A of Fig. 49 represents the limiting case with decreasing saturation. 
Now, the other limiting case would be met in a motor with a magnetic circuit 
reaching complete saturation with an infinitely small current, and incapable of 
transmitting an increased magnetic flux with increasing current. Obviously, with such 
a motor, the speed (neglecting the internal Т.В. drop) would, for constant terminal 
voltage, be constant for all loads. The horizontal line B of Fig. 49 is the speed 
curve for this limiting case. This latter is, in practice, an utterly unapproachable 
limit; nevertheless the series motors in most extensive use are designed with a highly 
saturated magnetic circuit at full load current. For a representative motor we shall 
take the G.E. 66 A., of which over a couple of hundred are in use on the Central 
London Railway and the Great Northern and City Railway, and many hundreds 
more on the elevated and underground railways of New York and other American 
and Continental cities, as well as on the North-Eastern Railway in this country. 
Some of the characteristic curves of this motor are reproduced in Fig. 50. These 
curves are based on the employment of a gear reduction of 71 to 18 (or a ratio of 
8:04), and on a wheel diameter of 84 ins. For our present purpose we wish to 
express the speed in terms of the percentage speed at rated full load, and use as 
54 
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abscisse the percentage of the output at rated full load. We must digress for the 
moment to explain the basis of the nominal rating employed for railway motors. 

An arbitrary basis of rating for railway motors, which has now been in generally 
accepted use for a number of years, defines the nominal capacity as the horse-power 
output, causing 75 degrees Cent. thermometrically determined temperature rise of 
the hottest accessible part after 1 hour’s continuous run on a testing stand at 
rated voltage. Railway motors in actual service are required to carry an average 


ІЛЕ CERES ШЕШІ 
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Percentof Full Load Speed 


Percent of Full Load Current Input 


Fig. 49. То EXPLAIN CONNECTION BETWEEN SPEED AND INPUT oF IDEAL SERIES MOTORS. 


load of only some 25 per cent. or less of their rated load, and this shows the great 
importance of designing them for high efficiency at light loads." Moreover, they are 
inherently capable of being proportioned to give this result, for the loss in field 
excitation, instead of being, as in shunt motors, a component of the “no load" loss, 
increases from a negligibly small amount at no load, with the square of the load, and 
hence is a component of the so-called ‘ variable losses.” In motors for light work, 
however, the gearing loss comes in and increases the “ no load” losses considerably ; 
but large, direct-connected series motors are inherently of very high efficiency at light 
1 “The continuous capacity of railway motors (i.e., the load they can take continuously) may be 
taken as approximately one-fourth of the commercial TURN '— Carter, “ Some Notes on High-speed 
Electric речи Work” (paper read before the Rugby Engineering Society December 1st, 1904). 
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loads. These considerations have reference exch usively to motors and gearing; but 
it should be kept in mind that series motors require auxiliary controlling apparatus 
in which, when starting, very considerable losses take place in external resistances 
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Fig. 50. CURVES SHOWING EFFICIENCY, SPEED, AND TRACTIVE Force ок G.E. 66 А. MOTOR 
oF 125 H.-P. RATED OUTPUT. 


for continuous-current motors, and in transformers and potential regulators for 
alternating current motors. 

The G.E. 66 A. is rated at 125 h.-p. From Fig. 50 we see that its efficiency in Ше 
neighbourhood of this load is about 90 per cent. The curves relate to its performance 
with 500 volts at its terminals. Hence the amperes input at rated load— 

_ 125 x 746 
— 0:90 x 500 


= 208 amperes. 
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The ordinate indicated by the broken line in Fig. 50 thus corresponds to the 
rated load. We find from the speed curve that, with the given gear ratio and wheel 
diameter, the corresponding speed is 14 miles per hour. 
14 m.p.h. = 14 X 5,280 = 74,000 ft. per hour = 74,000/60 = 1,230 ft. per minute. 

Car wheel diameter = 84 ins. 

Car wheel circumference = 84 X m = 107 ins. = 8'92 ft. 

и. Speed of car wheels at rated load of motors (i.e. 208 amperes per motor) 
= 1,280/8:92 = 188 r.p.m. 

2. Speed of motors at rated load of 208 amperes per motor = 188 x 8:94 = 544 


By means of the slide rule one readily derives the values set forth in Table XIV. 


TABLE XIV. 


G.E. 66 А. Railway Motor at 500 Volts. -Вайо of gearing = 894. Diameter of car 
wheels = 84 ins. 


Amperes input . - i 260 208 160 120 80 40 80 21 
Watts input . 5 . | 180,000 | 104,000 | 80,000 | 60,000 | 40,000 | 20,000 | 15,000 | 10,500 
Per cent. efficiency 5 : 88 90 90 89 85 70 50 — 
Watts output s Е ‚| 114,000 | 98,500 | 72,000 | 58,400 | 84,000 | 14,000 | 7,500 — 
Horse-power output  . . 158 125 96:5 71:5 45'5 18:8 10:1 == 
Per cent. of rated load . 2 122 100 77.2 57-8 86:4 15:0 8:8 — 


Speed train in miles per hour 12:8 14:0 15:5 17:5 22.5 89:0 — 
Speed motors in revolutions 


per minute : 2 : 497 544 601 680 874 | 1,510 == — 
Speed motors in per cent. of 
full load speed . 5 „| 91:595 | 100% |110:5% | 125% | 161% | 278% = = 


From the results in Table XIV. the full line curve of Fig. 51 hasbeen drawn. The 
two broken lines in Fig. 51 represent the limits for no saturation and absolute saturation 
respectively. These have merely been transferred from Fig. 49. 

The latest type of train on the Central London Railway comprises two motor cars 
and five trailer cars, the motor cars being at the opposite ends of the train. The 
motor cars weigh 23 tons each, and the trailers weigh 13°5 tons each. The total 
seating capacity of the train is for 894 passengers, or 2°85 passengers per ton of 
unloaded train. Taking an average load factor of 25 per cent. during the period of 
service of the train, we have an average of 81 passengers per train, or a live load of 
(81 x 140)/2200 — 5:15 metrie tons, thus giving for the weight of train with average 
load— 


Motor ears = 2 x 98. = 46:0 tons, 
Trailers =5 х 185 = 67-5 tons, 
81 x 140 
Passengers = 0000 = 5:2 tons, 

118:7 tons, 


or, say, 120 tons for the total train weight. 

The motor equipment is made up of two G.E. 66 A. motors on each of the two 
motor cars, or a total of four G.E. 66 A. motors per train of 120 tons. As the curves 
of Fig. 50 relate to one G.E. 66 A. motor, it will be convenient to derive from them 
other data for the total tractive force and total input to the motors. For the present 
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the losses in the controlling rheostats will be neglected. In actual practice the 
motors are, at the moment of starting, connected two in series and two in parallel; 
and, after the acceleration is about half completed, all four motors are thrown in 
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parallel. This method of operation by “ series-parallel control” reduces the rheostat 

loss. But for the purpose of explaining the points under immediate consideration, we 

shall first assume that all four motors are in parallel from the moment of starting. 

The four motors develop 4 X 125 = 500 h.-p. at 4 X 208 = 832 amperes input when 
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the terminal pressure is 500 volts. With 84-in. wheels and a gear ratio of 3°94, this 
corresponds to a speed of 140 miles per hour, or 
(1440 x 5280)/60 = 1,930 ft. per minute. 
The output in foot-pounds per minute — 500 x 33,000 — 16,500,000. 
Hence the tractive force at full load is 
16,500,000/1280 = 18,400 lbs., 
or 18,400/882 = 16-1 lbs. per ampere at 500 amperes. 

For a motor with constant efficiency at all loads and with constant speed (as 
represented by curve B of Fig. 49), the tractive force per ampere would be a constant 
for all values of the current; for a motor with constant efficiency at all loads, but with 
the speed curve А of Fig. 49, i.e., for a motor with no saturation of the magnetic 
circuit, the tractive force per ampere would be proportional to the current; for the 
practical case of ће С.Е. 66 A. motor, the tractive force would vary at an intermediate 
rate. The tractive force per ampere for this last case is worked out in Table XV., the 
curves of Fig. 50 serving as the basis for the calculations. 


Tasng XV. 


Four G.E. 66 A. Railway Motors. Ratio of gearing = 9:94. Diameter of car wheels 
= 84 ins. All four motors in parallel. 


| 

Amperes input рег 

motor 2 5 : 260 208 160 120 80 40 30 21 
Amperes input for four 

motors. с с 1,040 832 640 480 820 160 120 84 
Speed train in miles per | 

hour . { у с 12:8 14:0 15:5 17-5 22-5 39:0 = gp e 
Speed train in feet per | 

minute . > 5 1,126 1,230 1,363 1,540 1,980 3,480 = == 
Kilowatt input at 500 

volts . : : . 520 416 320 240 160 80 60 42 
Efficiency at 500 volts . 88 90 90 89 85 70 50 = 
Kilowatt output at 500 | OI 

volts . Е : 5 457 874 288 - 214 136 56 30 = 
Horse-power cutput at и | 

500.volts . : : 618 500 386 287 182 75:0 40:2 — 
Output in foot-pounds | 

per minute с . | 20,200,000 | 16,600,000 | 12,700,000 | 9,460,000 | 6,000,000 | 2,480,000 | 1,330,000 | — 
Tractive force in pounds | 17,900 13,500 9,300 6,150 8,080 795 — == 
Tractive force т pounds е | 

per ampere! . А 172. 161 145 12:8 9:46 4:53 == == 


1 These values are approximately proportional to the flux. 


The results are plotted in the full line curve of Fig. 52, together with the limiting 
curves for equivalent motors with increasing and decreasing saturation of the magnetic 
circuit. 

Assuming constant internal losses in a series motor, the tractive force exerted 
will be precisely the same for a given current through the motor, whether the motor 
be at rest or running at any speed. Now we shall introduce but slight inaccuracy by 
neglecting the difference in the internal losses, and we are thus enabled to deduce the 
initial accelerating rate which we may obtain with any current. This is done in 
Table XVI. 


59 


ELECTRIC RAILWAY ENGINEERING 


TABLE XVI. 


Four G.E. 66 A. Railway Motors. Ratio of gearing = 894. Diameter of car wheels 


== 84 ms: 


All four motors in parallel. 


Amperes input per train 
Tractive foreein pounds . : 
; , perton weight 
of train 
Initial rate of acceleration in miles per 
hour per second, neglecting the train 
resistance at very low speeds . 


1 


MET] 


,040 832 640 | 480 320 | 160 | 120 | 84 

"900 | 13,500 | 9,300 | 6,150 | 3,080 | 725 | — | 0 
| | | 

149 | 1195 di вто | ева | 911 |50 

149| 1:18 | 0-775 | 0:512 Ме рЫ € | 0 + 


Curve І. in Fig. 58 is plotted with ordinates equal to the tractive force per ton 


weight of train, and with abscisse equal to the amperes input with all four motors in 


Tractive Force in Pounds per Ampere 
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parallel. This same curve, owing to a purely accidental coincidence resulting from 
the particular system of units we have employed in these articles, might also be read, 
as indicated in the figure, to ordinates expressing the initial acceleration in miles per 
hour per second, provided that the train resistance could, at very low speeds, be 
neglected. From Fig. 6 (on p. 9) we find, however, that the train resistance at 
low speeds amounts to some 6 lbs. per ton. Hence curve II. has been added on 
Fig. 58, with ordinates reduced by 6 lbs. below the corresponding points of curve I. 
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Now, suppose we wish to operate one of these Central London trains with a 
constant rate of acceleration of 1 mile per hour per second. When the train is at rest, 
we shall require such a resistance in the circuit as to permit the 500 terminal volts 
to send in 800 amperes. Obviously we shall require 500/800 = 0:625 ohm in the 
circuit. Two factors would enter to reduce the amount of resistance required ati the 
first instant. The first factor is the inductance of the motors (chiefly in the field 
windings), and of the apparatus and lines through which these derive their supply. 
The second factor is the great resistance of the train when at rest, which makes it 
necessary, for the first instant, to have a much heavier current to obtain the desired 
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initial acceleration of 1 mile per hour per second. We can, however, neglect these 
two figures for the present investigation ; we shall, therefore, assume that the train 
starts as calculated, with an acceleration of 1 mile per hour per second. But imme- 
diately the motors begin to gain speed, they generate a counter-electromotive force 
which will reduce the voltage across the extérnal resistance, and hence also the current 
and the accelerating rate, until a section of the rheostat is cut out. The accelerating 
rate may thus be restored and maintained at the original value, by successively cutting 
out sections of the starting rheostats. Suppose that when the last section of external 
resistance is cut out, the motors are running at a speed corresponding to but 470 volts 
counter-electromotive force. At first a current will flow equal to {(500—470)/internal 
resistance of motors}; but this will gradually be reduced by the increasing counter- 
electromotive force of the motors, and the current will gradually fall, approaching as a 
limit the value required to overcome the tractive resistance of the train at the 
corresponding speed. 

The subject of “acceleration on the motor curve” has occasioned a good deal of 
discussion, and should be considered with some care at this point. 

The internal resistance of the G.H. 66 A. motor at 75 degrees Cent. is equal to 0:18 
ohm. Resistance of four motors in parallel = 0°13/4 = 0:033 ohm. Suppose we wish, in 
the case of the standard Central London train, to have an initial acceleration of 1 mile per 
hour per second. We have already seen that, neglecting the reactance of the circuits and 
the higher resistance of the train when at rest, we should require a resistance of 500/800 
= 0°625 ohm ; and of this the resistance external to the motors would be 0:625--0:098 
= 0:59 ohm. The current flowing from the line at the instant of closing the circuit will 
be 800 amperes. Let us, as an approximation, consider successive intervals of 1:0 second 
each. For the first ten of these intervals let us leave the external resistance unchanged. 
At the end of 1 second the speed of the train will be nearly 1 mile per hour; it will not 
be quite 1 mile per hour, for, as we are about to ascertain, the current, and hence 
the accelerating rate, will decrease during the course of the 1 second interval. Let 
us take it, however, at approximately 1 mile per hour. From Fig. 50 we find that with 
a current of 800/4 = 200 amperes per motor, the constant speed of the motor is 14 miles 
per hour when operated with 500 volts across its terminals. Its counter-electromotive 
force is then 500—200 x 0°18 = 500—26 = 474 volts. Hence, with the same current 
strength of 200 amperes per motor, the counter-electromotive force at a speed of 1 mile 
per hour will be (1/14) x 474 = 88:8 volts. 

Hence the current input to the four motors in parallel will, at the end of 1 
second, be equal to (500 — 88°8)/0°625 = 745 amperes. 

For this current strength, we find from curve II. of Fig. 58 that the accelerating 
rate is only 0:90 miles per hour per second. Hence the mean acceleration for the first 
second will be but (1:00 + 0:90)/2 = 0:95 mile per hour per second. Were this main- 
tained during the following second, the speed at the end of 2 seconds would be 1:90 
miles per hour, the counter-electromotive force would be 1:9 x (474/14) = 64 volts, 
and the current input to the four motors in parallel would be (500 — 64)/0:695 = 697 
amperes. 

The smaller the component intervals for which we make the calculations, the more 
correct will be the result. Making precise calculations by the less elementary but more 
exact method (deseribed in the note on p. 63), for the first 10 seconds during which 
the external resistance is maintained constant at 0:59 ohm, we obtain values from 
which the curves of Figs. 54, 55, and 56 have been plotted. It is evident that the 
mean acceleration for the first 10 seconds is only 0°69 mile per hour per second. At 

62 


————— 


тоғандар 


Acceleration P //7ne Curves Current = /ime Curves Speed 2 lime Curves | 


2 2 6 
lime in Seconds 


2 2 G 3 
Time in Seconds 


~ 
© 
о 


йик з 
S 
ЕН ME: ЕНЕ 
5 cal Я г 
а слер - ЕЕ Т ае оа T 
М. г ме d eripe 
| Noa лыша шш = 
ЕЕ с дарен ащ IT pose 
ны ининин И шинин аса те mE 
ГЕ оаза PE дава BSE BT 
EEE. Camwell RON ӘН 
[тм $ 
: Her 

SE а пе с Б О E а 
EE. i ma даа AALS кыш 
sed POT HARI СЕЗ UE BH аав 
: ТЕГЕ 3 2 вава авав 
ЕЕ СЕ ЖІ РЕ рЫ ie SU 

Е А / г 

SC 


Time in Seconds 
Fig. 59, 


= 
Зе Ein. 

СЕ НИ ЕШ НС v ЕШ Fee ai 

| ае ЕНЕМЕ fier md od eee Be ЕС 

| SEE тае е EOE TIT 

сама AS T рида 

| Sees RIG! ТЕ eu ae 
> "LN cig Be с 
ET а сеа арорат 
Екш Е Я а бы аР ао Е 
HD BRE TOE аеш н елны ши 
2 к шй е ш ре ИЕЕ Е 
5 Еше ST таш ИЕ оа р 
ага Pee eae Рас ae 
S Ss БАК Eel ai ES Se ee 
S AE d 10 (5 20 25 50 


"SEL 25 cR 
Time in Seconds . Time in Seconds 
: | Fig. 58. 


Fig. 67. 


Figs. 54 to 59. ACCELERATION-CURRENT-SPEED-TIME CURVES FOR Four G.E. 66 А. Мотовз IN PARALLEL. 


Е 
у 


n 
я: - ЖЫЛ 
Фу 
y А 
5-7 
LA 
y 
AT 
ч 
a 
di 
"Wm 
ж? 
ж я 
Xv 
E 
^" - 
Ua 


 ТИКОСТЕКІЗТІС5 OF ELECTRIC RAILWAY MOTORS 


the end of 10 seconds, the speed is 6:9 miles рег hour. Let us now reduce the resistance 
in the motor circuit to such a value that the acceleration is restored to its original 
value of 1 mile per hour per second. This must be such a resistance as shall bring 
the current again up to its original value of 800 amperes. At a speed of 6:9 miles 
per hour, this latter current produces а counter-electromotive force of 88:8 х 6:9 = 234 
volts; the voltage drop in the resistance must therefore be 500 — 284 = 266 volts, 
and the resistance =266/800 = 0:888 ohm, corresponding to an external resistance 
of 0:338 — 0:033 = 0:80 ohm. 

From Figs. 57, 58 and 59, we see that, during the next 10 seconds, the accelera- 
tion decreases from 1°0 mile per hour per second to 0°39 mile per hour per second, 
the current mput decreases from 800 amperes to 450 amperes, and the speed increases 
from 6°9 miles per hour to 181 miles per hour; the mean acceleration during the 
second step (10 to 20 seconds) is therefore 0°62 mile per hour per second. Let us now 
again cut out the external resistance in order to bring the acceleration up to its original 
value. We find, by the method which we employed for the second stage, that the 
resistance in the motor circuit for the third stage 

500 — 38:8 x 181 500-- 448 57 
= 800 Шү е тоо ФОТЕ ош; 
therefore the external resistance = 0:071 — 0:033 = 0:088 ohm. 

The results of employing this resistance in circuit during the following seconds 
are shown in the third sections of Figs. 57, 58, and 59. The speed is now 18'5 miles 
per hour, the average acceleration during the third step bemg 0°54 mile per hour 
per second, and the average acceleration during the total 30 seconds from the start 
= 0:69 mile per hour per second. - 

Knowing, ав we now do from the curves of Fig. 57, that Ше rate of acceleration 
will fluctuate more widely at each succeeding 10-second interval, we draw the con- 
clusion, borne out in practice, that the interval of running on each successive step 
should be decreased. Thus, if we worked between the limits of 800 amperes and 500 
amperes, the first three intervals would be (roughly) 10, 7, and 6 seconds; this 
would obviously affect the subdivision required in the rheostats. The matter is very 
complicated, and is rendered still more so by the customary practice of operating with 
* series parallel ” control, to which we shall shortly give our attention. 

The main point to which we here wish to draw attention is, that the whole accelerating 
interval is made ир of sections, during each of which we are “running on the motor 
characteristic,” except in so far as the motor characteristic is modified by a resistance of 
constant value in series with the internal resistance of the motor. 


lote on the Exact Method used in obtaining Figs. 54 to 59. 


The exact method, essentially a graphical one, consists in deriving a relation 
between speed and acceleration. For that purpose, in Fig. 60 the current inputs have 
been taken as abscisse. As ordinates have been plotted— 

(1) The tractive force in pounds per ton (taken from Fig. 53); 

(2) The speed in miles per hour, corresponding to the current input and to the 

resistance in the motor circuit. 

In Fig. 60, 0:625 ohm has been taken as total resistance. The internal voltage 
would be (500 — 0°625 I.), while for the speed curve given in Fig. 50 the internal 
voltage for the same current would be (500 — 0:033 Т.). 
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To obtain the speed curve in Fig. 60, it has merely been necessary to calculate 


the ratio 
500 — 0:625 I. 


500 — 0:083 I. ` 
for various eurrents, and to multiply the speed given in Fig. 50 by this ratio. 

From Fig. 60, curve I. of Fig. 61 may be plotted, with speeds as abscisse and 
tractive forces as ordinates. The train resistance is plotted as a function of the speed 
in curve П. of Fig. 61; and the difference between curve I. and curve II. equals that 
part of the tractive force directly available for acceleration. As a tractive force of 
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Fig. 60. CHARACTERISTIC CURVES OF PARALLEL OPERATION OF Four G.E. 66 A. Morors. 


100 Ibs. per ton produces an acceleration of 1 mile per hour per second, the required 
relation between speed and acceleration has thus been found. For clearness, this has 
been plotted again in Fig. 62. In Fig. 68, a curve has been plotted with time in 
seconds as abscissa, and speed in miles per hour as ordinates. This latter curve is 
derived from the eurve in Fig. 62, since we know that the tangent to the speed- time 
curve in Fig. 68 is DOO to the corresponding value of the aeceleration in the 
curve in Fig. 62. 

The niethod; as described above, can be used for any resistance, and in case it is 
desired to calculate a total set of resistances, a great many interesting relations may 
be found between the different curves representing the various resistances. 

Without going into the details of the calculation, which would be on the lines 
already set forth in the previous example, we give in Figs. 64, 65, and 66 a set of 
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` curves (corresponding to those of Figs. 57, 58, and 59) for a mean acceleration of 
f 1 mile per hour per second, in which, instead of maintaining constant time intervals 
_ per step, we work between a maximum of 930 amperes and a minimum of 690 amperes 
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Fig. 61. CHARACTERISTIC CURVES оғ PARALLEL OPERATION оғ Four С.Е. 66 A MOTORS. 
input to the four motors in parallel on each step. This accelerating rate is maintained 


until a speed of 18:4 miles per hour is attained. The resistance per controller point 
and the number of seconds duration of run on each point are set forth in Table XVII. 


Taste XVII. 


Controller Positions for Four G.E. 66 A Motors. Mean acceleration — 1 mile 
per hour per second. Speed = 184 miles per hour. 


Resistance in Series with 


| 
Сеше: a Cer са Motors on each Point, in 

| 

1 | 8:9 0:50 

2 | 8:9, 0°36 

8 | 2:6 0:24 

i | 2:1 0:14 

5 | 16 0:064 


18:4 seconds have now elapsed since the current was thrown on. Let the 
movement to the sixth controller point consist in cutting out the remaining external 
resistance of 0:064 ohm, and let the motors continue to accelerate with only the 
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internal resistance of the four motors in parallel, i.e., 0:088 ohm, in circuit. We are 
thus “ accelerating on the motor characteristic,” as it is generally described. - Let us 
continue running on the motor characteristic for 85°6 seconds. The acceleration will 
gradually decrease, and at the end of 85:6 seconds, which is 99 seconds from the time | 
of starting, the acceleration will have decreased to only 0:06 mile per hour per second ~ 
(see Fig. 67). At this point a speed of 28'A miles per hour will have been attained (see | 
Fig. 69). Let the current now be cut off, and the train permitted to coast (or drift) - 

for 41 seconds. The retardation during coasting will be due solely to the train friction. 
From Fig. 6 (on p. 9 of Chapter I.) we see that, at speeds of some 27 miles per hour the 
train friction of a 120-ton train has on the Central London Railway been determined 


^0 8 6 “4 = 
Acceleration in Miles per Hour per Second Time in Seconds 
Fig. 62. Fig. 63. 


Figs. 62 and 63. CHARACTERISTIC CURVES OF PARALLEL OPERATION ОЕ Four С.Е. 66 A MOTORS. 


as about 9 Ibs. per ton. On p. 21 of Chapter II. the rule was given that on a level 
track a tractive force of 100 lbs. per ton, in addition to the force required to overcome 
the tractive resistance, imparts to a train an acceleration of 1 mile per hour per 
second. Hence it follows that a train friction of 9 lbs. per ton will produce a 
retardation of 0°09 mile per hour per second. Therefore, at the end of 41 seconds of 
coasting, the speed will have fallen by 41 x 0°09 = 87 miles per hour below the 
maximum speed of 28:4 miles per hour, or to 947 miles per hour. At the end of 
41 seconds of “ drifting," 140 seconds will have elapsed since starting. Let the brakes 
now be applied, and with a pressure sufficient to increase the total train friction to 
100 lbs. per ton. This will increase the rate of retardation to 1 mile per hour per | 
second, and will bring the train to rest іп 247 (say 25) seconds, ог 165 seconds from 
the start. Now during the acceleration on the first five controller points, i.e., during 
66 
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the first 18:4 seconds, we maintained a mean acceleration of 1 mile per hour per 
second. Hence, for this interval, the mean speed was 6°7 miles per hour, and 
the distance covered was 6'7 х E = 0025 mile. During the 85:6 seconds of 
operation on the sixth controller point the speed increased at an ever slower rate, as 
is seen from the curve of Fig. 69, and the mean speed is readily seen from this 
curve to be 24'4 miles per hour. Hence the distance covered on the sixth 
controller point ша 85-6 _ MM 
E X 8600 = mile. 


During “ drifting " the mean speed is equal to 


- = 26:6 miles per hour, 
and the distance covered equals 
; 4 7 : 
26:6 x 3,600 = 0:302 mile. 
During braking the mean speed is 


21 = 12:4 miles per hour, 


and the distance covered is 
95 я 
194 Х 3,600 = 0:086 mile. 


We have thus obtained the values set forth in Table XVIII. 


Taste XVIII. 
Distance Covered during each Operation for run of One Mile. 


Mean Rate of i Ses | Distance 
oi Time in Acceleration in | Mean Speed in toy 5 

орва Seconds. Miles per Hour | Miles per Hour, Өрттей m 
per Second. E : 
Rheostatie acceleration . 18:4 41:00 67 0:025 
Acceleration on the motor curve 85:6 — 0:18 24:5 | 0:584 
Drifting . 41:0 — 0:09 26:6 0:802 
Braking . 25:0 — 1:00 12:5 0:086 


Adding up the four items in the last column, we find that we have covered a distance 


| 8,600 АА З 
of 1 mile (0:997 mile). Hence the average speed is equal to dep. = 21:8 miles per 


hour. ‘The acceleration, the current, the speed, and the distance at each moment 
from start to stop are plotted in Figs. 67, 68, 69, and 70. 

From the values of the current in Fig. 68 and the constant terminal potential of 
500 volts we obtain the kilowatts gross input to the train at any instant. From the 
values of the resistance external to the motors at each step, which are given in 
Table XVII., and the corresponding values of the current which are obtained from 
Fig. 68, the kilowatts dissipated in the rheostats at any moment may be calculated. 
The kilowatts gross input to the train, the kilowatts dissipated in rheostats, and 
the kilowatts input to the four motors are plotted in the three curves of Fig. 71. 
The curve of input to the motors is repeated in Fig. 72, and there is also drawn the 
corresponding curve of output from the motors, i.e., of the energy finally delivered to 
the car wheels. This latter curve could also have been derived from the speed and 
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Fig. 71. 


tractive force from instant 
to instant, and it has, as 
a matter of fact, been 
checked by this means. 
From the curve of gross 
energy consumption in 
Fig. 71 we find that the 
train has consumed 18,340 
kilowatt-seconds, or 5°10 
kilowatt-hours, in the 
1-mile run from start to 
stop, or 42:2 watt-hours 
per ton-mile. From Ше 
curve of energy finally 
delivered to the axles in 
Fig. 72 we find that there 
has been required at the 
axles for the 1-mile run 
18,330  kilowatt-seconds, 
or 3°7 kilowatt-hours, or 
80°7 watt-hours per ton- 
mile. The efficiency from 
contact shoe to car wheels 
is therefore 72°6 per cent. 
for this 1-mile run from 
start to stop. 

Now let us carry the 
calculations through for 
this same 120-ton train 
operating with one stop 
per mile at a schedule 
speed of 21°8 miles per 
hour, and with the 
assumption of constant 
acceleration and retarda- 
tion at the rate of 1 mile 
per hour per second, and 
with uniform speed opera- 
tion from completion of 
acceleration to commence- 
ment of retardation. In 
Figs. 78, 74, and 75 are 
given the speed, tractive 
force, and nett energy 
for this cycle of opera- 
tions with straight line 
acceleration and retarda- 
tion. The nett energy 
required at the car wheels 


t 
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will be found, by integrating Fig. 75, to be 14,700 kilowatt-seconds, or 41 kilowatt- 
hours. These values are but slightly (11 per cent.) greater than those obtained with 
operation on the motor eurve characteristic, confirming thereby, at least for this case, 
the admissibility of the assumption made in the earlier articles of this series. 

Table XIX. gives the watt-hours per ton-mile at the car wheels, and also the 
maximum energy at the car wheels in watts. i 


Тлвһв XIX. 


Nett Energy at Car Wheel. Mean rate of acceleration = 1 mile per hour per second. 


А Average Energy Ratio of 
х Watt-hours рег Maximum 7 е zi 
Fig. Method of Operation. Ton-mile at Car | Energy at Car at Car Wheels M aximum 10 Т 
Numbers. Wheel. Wheel in Watts. from Start to | Average Energy 
| 3 9779 | Stop, in Ohms. | at Car Wheels. 
1 | 
67 to 72 | Acceleration on the motor curve . 80-7 440,000 81,000 5:45 
78 to 75 | Straight-line acceleration 5 ; 84:0 680,000 89,000 1:65 


Itis clear that the result for the maximum energy required, is considerably too 
high when derived from our diagrams with “ straight-line acceleration," and this fact 
must often be taken into consideration in cases where the diagram is. used, although, 
as we see, the error involved by not taking it into eonsideration, leaves us on the safe 
side. The “diversity factor " in train operation, obscures the significance of absolute 
values for the “ratio of maximum to average energy at car wheels.” The important 
point is to realise that this ratio is so large a figure as 6 or thereabouts, in such a 
case, and that it would be considerably larger were it not for the decrease effected by 
accelerating on the motor curve. 

In the example of motor control which we have worked out above in considerable 
detail, we have assumed a case where the four motors are in parallel during the entire 
accelerating interval. It is, however, almost universal practice, where four continuous- 
current railway motors constitute a single equipment operated from a 500-volt circuit, 
to connect them, two in series and two in parallel, during the early portion of the accele- 
rating period. After the resistance in series with this series-parallel combination of 
the motors, has been gradually cut out, the four motors are all connected in parallel 
with one another, but at first in series with external resistance, which is again 
gradually cut out. To start the train with the same acceleration as for the parallel 
connections used in the curves of Figs. 67 to 72, the total resistance on the motor 
circuit would have to be double its former value; therefore 

2 x (external resistance of 0°50 ohms + motor resistance of 0°033 ohms) = 

1:066 ohms. 
The internal resistance of the four motors in series-parallel (or briefly in 
* series ") connection is four times its former value, 1.4.-- 
4 x 0:088 = 0:18 ohms. 
The required external resistance is therefore— 
1:066 — 0:18 = 0:984 ohms. 

With increasing speed, the decrease in the tractive force and in the rate of 
acceleration, was derived in the previous case. The rate of decrease with increasing 
speed is now, however, considerably greater, as the total eounter-E.M.F. (i.e., the 
counter-E.M.F. of two motors in series) is, for a given current per motor and a given 
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speed, exactly double its 


No 2/4 


former value. Іп fact, 


the rate of decrease with 


increasing speed is exactly 


double its former value. 


Thus if, for the parallel 


connection, the current 


reaches a certain mini- 


mum value in 2 seconds, 


it will, if the same acce- 


lerating rate is maintained 


[e 


in both cases, reach the 


same minimum value in 


1 second when in “series” 


connection. We can 


therefore at once use the 


curves of Fig. 64 for Ше 


“ series” connection by 


LH 


simply designating the 


abscisse as 0, 1, 2, 8, etc., 


in place of their original 
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values of 0, 2, 4, 6, ейс., 


ІШ 
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provided that the total 


resistance in the motor 


TIME ІМ SECONDS 


circuit is, for each step, 


double its former value. 


This will require that the 


external resistance shall 


i 


be successively 0'985, 


0:655, 0'415, 0:215, 0:068, 


| 


0, whereas, corresponding 


H 
: 


to Ше“ parallel" connec- 


ORS 


мот 
FROM MOTI 


tion, it is 0°50, 0°36, 0°24, 


0:14, 0:064, 0, ав set 


| 


(Power at Wheels) 


52 


forth in Table XVII. (on 


p. 65). 
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Under these condi- 


tions, Fig. 64 is at once 
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applicable to “ series- 
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parallel” control. In a 


similar way, Figs. 65 and 


66 may be used again, if 


the abscisse and ordinates 


are numbered with half 


0 4 28 32 


their original values. 
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18:4 
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After 67 (= 0 


seconds, the last section 
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and the “ series ” motor curve is reached. This is one of the two most favourable 
points of operation, for all the rheostats are cut out, and no external losses occur. 

Suppose we remain on this point long enough to let the acceleration again drop 
to the minimum value reached on the preceding point, and that we then switch over 
to “ parallel” connection, the current per motor will again vary between the same 
limits as for the full “ parallel " control, i.e., between 230 amperes and 171 amperes 
per motor. Figs. 64, 65, and 66, are now taken in their original sense, and we start 
again at the ordinate for which the abscissa is equal to 7:4 (= L4 seconds. In 
Fig. 76, the whole period up to the ** parallel " motor curve has been plotted. Though 
in both sections the current per motor varies within the same limits, the total current 
input to all motors will in the first section be exaetly half of that in the second section. 
Up to this point we have taken a variation of the current per motor between fixed 
maximum and minimum values as the basis on which to build our conclusions. It is 
clear from Fig. 76 that, in the case of “ series-parallel " control, this basis is no longer. 
suitable, since the steps in the total current input would be undesirably large for the 
* parallel" section, and needlessly small for the “ series" section. Moreover, it is 
distinctly preferable to increase the mean rate of acceleration in the “ series " section, 
and to decrease it in Ше“ parallel" section, in order to decrease the maximum current 
taken from the station, which, in the case of Fig. 76, is, for the “ parallel " section, 
twice as great as for the “ series " section. 

Fig. 76 should also be altered so as to increase the time during which the train 
runs on the first “motor curve," as this is no less favourable than the second 
** motor curve." 

Fig. 61, on p. 65, was used as a means for deriving the speed-time curve with all 
four motors in parallel. For the more general case of “ series-parallel " control, the 
similar curve sheet shown in Fig. 77 has been prepared. Curves of this sort should 
be prepared for every design of motor, and consulted in all such cases, as they contain 
the solutions to various problems connected with the starting of the train. The speeds 
in miles per hour are plotted ав abscisse, and the tractive force in pounds per ton as 
ordinates. Four curves are plotted, namely— 

I. “Parallel " motor curve without external resistance ; 

II. “ Parallel" motor curve with 0:5 ohm external resistance ; 
ПІ. * Series " motor curve without external resistance ; 
ТУ. “Series ” motor curve with 1:0 ohm external resistance. 

These curves are the more useful since the curves for any other external 
resistances lie proportionately between I. and П., or between ПІ. and IV. 

Suppose that we have five steps in the “series” section of the controller, and 
that the resistance decrease between each step is 0-2 ohms, we can draw іп the 
corresponding curves by simply dividing the- horizontal distances between I. and III. 
into five equal parts. 

This has been done in deriving the curves shown in Figs. 78, 79 and 80. The 
time for each step is taken approximately’ constant at 1:8 seconds, and we see that the 
maximum current per step increases slightly for each succeeding step, while the 
minimum current per step decreases slightly. After switching over to ‘ ‘ parallel,” the 
external resistance is 0°25 ohms, and is switched out in steps of 0°05 ohms. The 
identical rheostat sections employed for the first part, could also be used for the second 
part by having two rows of resistances successively in series and in parallel. The 
curves of Figs. Oe 8, 79, and 80 give acceleration, current, and speed plotted against time. 
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As already pointed out, it is distinctly preferable to increase the rate of accelera- 
tion during the “ series ” period, and to decrease it during the “ parallel" period, in 
order to diminish the maximum current to be supplied by the generating station, 
as well as in order to relieve the motors, especially as regards commutation, of their 
severest work. A ease in which this plan has been employed has been worked out in 
Figs. 81, 82, and 83. Тһе total external resistance at starting is 0:9 ohms, and is 
eut out in approximately equal time intervals and in equal resistance sections, until 
the point of operation on the “ Series" motor curve is reached. Тһе motors are 
permitted to run on this point for a eonsiderably longer time than in the case of 
Figs. 78 to 80. The resistances employed during * parallel" running are again one- 
quarter of those used during operation in “series,” and are also cut out in equal 
time intervals and in equal steps. It will be seen that the acceleration during the 
period of operation with the * series" connection, is about 30 per cent. larger than 
during operation in “parallel.” Figs. 81, 82, and 83 again give acceleration, amperes, 
and speed as a function of the time in seconds. In Figs. 84 and 85 the rheostatie 
losses for these two methods are plotted as a function of the time. The curves of 
Figs. 86 and 87, in which speeds are plotted as abscisse, correspond respectively to 
the groups of curves of Figs. 78 to 80 and Figs. 81 to 83. Before we compare the 
two typical methods of Figs. 86 and 87 (methods B and C of Table XX), let us 
attempt to simplify the calculations by assuming an infinite number of steps. Fig. 88 
is the equivalent of Fig. 86, and Fig. 89 the equivalent of Fig. 87, the only alteration 
being the assumption of an infinite number of resistance steps. 

Table XX. gives a comparison between the five methods :— 

(A) parallel control ; 

(В) series-parallel control, 1 ohm resistance, ten steps; . 

(С) series-parallel control, 0:9 ohms resistance, ten steps ; 

(D) series-parallel control, corresponding to B, but with an infinite number of steps; 

(E) series-parallel control, corresponding to C, but with an infinite number of steps. 

The method of ealeulating with the assumption of an infinite number of steps 
(methods D and E of Table XX.) leads to results in nearly all respects equivalent to 
those obtained by the assumption of a few steps, the principal exception being that the 
results for the efficiency are slightly—some 8 per cent.—too high. The table shows 
clearly the advantage of method C as compared with method B. Still more marked is 
the difference between series-parallel control and parallel control. The case of an 
infinite number of steps is not an abstraet one, but can be realised by liquid starting 
resistances, as has been done, for instance, on the Valtellina Railway. 

With parallel control by method A, the train, in 18:5 seconds, covers a distance of 
188 ft., attains a speed of 19:5 miles per hour, and absorbs 1°51 kilowatt-hours. With 
series-parallel control by method C, the train, in 14-0 seconds, covers a distance of 
143 ft., ай в a speed of 19:7 miles per hour, and absorbs 1:09 kilowatt-hours. 
With series-parallel control by method С, the train, іп 15°7 seconds, covers a distance 
of 174 ft., attains a speed of 14:2 miles per hour, and absorbs 1:085 kilowatt-hours. 
Тһе maximum load on the generating plant in these three cases is 464, 431, and 396 
kilowatts respectively. The difference between the first two values (464 and 431), cor- 
responding respectively to methods A and B, is, however, due entirely to the fact that 
smaller resistance steps are used in the second case than in the first. Between the 
second and third methods (methods В and С) there is, however, a further decrease of 
8 per cent. in the maximum output required from the generating plant per ton weight 
of train. 
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TABLE XX. 
Comparison of Five Alternative Methods of Motor Control. 


5 as 2s Exe "OZ 
48 | moe .| озі |n3g^, | moon. 
на S228 | Зета, SS we 5 Вама 
Ва ARES | S922 Bag | Заде 
oS o Ф o RE VETE | онен 
| ЕТЕ 84.7 | Been | AARTS 
| = о BES SES 
Ce £o E E 
: During series control . Е — 616 | 580 610 571 
1 Rheostatic | During parallel control .| 2,640 560 | 397 555 895 
osses in kilo- Motel dud E | 
ОА РУМ | otal during resistance- | 
control period . 4 .| 2,640 1,176 977 1,165 966 
Motor losses а Е : 480 449 467 455 480 
Total losses (theostatic and easton) kilowatt- 1 
seconds . ` 7 Р 8,120 1,695 | 1,444 1,620 1,446 
Acceleration in During ‘series control . Е - 1:0 | ТЫШ OS | Шы 
miles per hour | During parallel control ; 1:0 0:97 0:87 0:97 0:87 
per second Mean on series motor curve -- 1:0 0:75 0:89 0:72 
During series control . г — 91 25 84 28 
А 1 During series motor curve . -- 13:6 51:4 9:0 48 
Distance covered | During parallel control 2) 188 | 987 | 98 100 | iH 
in feet \ Е у 
р to time of p motor 
| curve 5 Е 188 148 174 149 ІШІ 
During series control . ò — 6:4 5:4 6:6 57 
Time in seconds | During series motor curve . — 14 46 0:8 4:15 
During parallel control „| 185 6:2 БЫ 6:6 6:8 
At time when series motor 
curve commences . : = 6:5 68 7:0 67 
Speed attained in | Up to end of series motor 
miles per hour curve = 7:15 9:25 7:15 9:8 
| Up to time when parallel | 
motor curve commences . | 18:5 137 | 149 14:2 147 
Maximum input in kilowatts . b " К 464 481 896 390 360 
Energy а 
by train up to ће! Kilowatt-seconds . с . 5,440. 8,920 8,910 4,180 4,185 
parallel motor | Kilowatt-hours . Е і ПСБ 1:09") 1:085 1:16 1:15 
eurve | 
Energy output from axles, in kilowatt-seconds, | 
up to parallel motor curve 2,320 2,295 2,466 2,560 2,689 
Efficiency of system during period of acceleration 42% 58% | 68% 61% 65% 
Time in seconds taken during accelerating Бащи 
up to parallel motor curve . 18:5 | 140 | 157 | 14:0 16:1 
Mean acceleration from start up to time of com- | 
mencement of operation оп parallelmotorcurve | 1:0 0:98 0:90 1:0 "91 


These considerations all refer to the accelerating period only. It is clear, how- 
ever, that after the time of completion of rheostatic acceleration, there can be no dif- 
ference between these various methods. The only effect of also taking this latter period 
into consideration would be to diminish the striking difference existing between these 
methods when the results are reduced to the basis of energy consumption per ton-mile. 

The advantages which we gain by employing, as in method C, a higher rate of 
acceleration during series control than during parallel control, and by running for a 
length of time on the series motor curve, are— 

(1) Increase of efficiency and 

(2) Decrease of stress on generating station, motors, rolling stock, and per- 
manent way.- 
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A close study shows that the first advantage can be directly attributed to the 
longer time at which the train travels on the series motor curve, and the second 
advantage is due entirely to the lower rate of acceleration during the period of running 
with the parallel connection. One might make use of the principles underlying 
method С, to a still greater degree than was done in the case just discussed. For 
instance, Storer advocates (“Transactions of the American Institution of Electrical 
Engineers” (1903), Vou. XXIV.) that the total current input to the train during series 
control should be as great as during parallel control. The authors are, however, of 
the opinion that such an extreme case introduces grave disadvantages. As the current 
for the normal starting method is already relatively very high, a 60 to 70 per cent. 
increase in the current would tend to undue deterioration of the commutator due to the 
high density at the brush surface area. This would more than offset the gain through 
reducing the normal current during parallel control. The greater acceleration at the 
instant of starting, would also be limited in cases of insufficient weight per axle 
available for adhesion. In the following study we shall neglect altogether any 
advantage that may be gained by thus improving the efficiency during the accelerating 
period, and shall simply use the normal accelerating method for an infinite number 
of controller steps. The simplification thus introduced will facilitate а close 
examination into the period following the completion of rheostatic acceleration. 

In a former chapter, the speed-time curve has been developed graphically, and 
the elementary principles of coasting and braking have been explained, always on the 
assumption of a level track. A shorter, though somewhat less accurate, method, based 
on tabular calculations, will now be given, and the following important relations will 
be considered :— 

(1) Influence of coasting or “ drifting ” ; 

(2) Influence of gradients. 

On a straight level section of j-mile length, a 120-ton train, equipped with 
four G.E. 66 A motors, the characteristic curves of which have been given in Fig. 50 
(on p. 56), is accelerated at the rate of 1 mile per hour per second. We shall first 
assume that no coasting takes place. 

The speed intervals into which the calculation has been divided, are set forth in | 
column 1 of Table XXI. After the completion of rheostatie acceleration, that is, at a 
speed of 14:1 miles per hour, for which the rate of acceleration on the “parallel” - 
motor curve is 1:0 mile per hour per second, the speed limits in column 1 are raised | 
by increments of 1 mile per hour. Column 2 gives the tractive force exerted by - 
the four motors at the average speed during each interval, the values being bine 
by reference to Fig. 77, as already explained. Column 8 gives the train resistance, 
for which, in lieu of more accurate information, values corresponding with observations 
on the Central London Railway (see Fig. 6, on p. 9) have been employed. The values 
in column 4 are the sum of the values in columns 2 and 8, while column 5 gives 
at once the rate of acceleration in miles per hour per second by simply dividing by 
100 the values: in column 4. The values in column 6 are obtained by dividing 
the speed intervals in column 1 by the average accelerations during these intervals. 
The values in column 7 are obtained by multiplying the average speed by the im 
and by the constant 1°47. 
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Six Series and Six Parallel Positions of Controller. Infinite Number of Controller Positions. 
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BHARACTERISTICS OF ELECTRIC RAILWAY MOTORS 


TABLE XXI. 


Calculations for a 4-mile run at an Average Speed of 19 miles per hour. 120-Топ 
Tram. Level Track. 


Е. ны race т gorama 3, t T Column 5, 
(The Speed is exerted by Ае dE Accelerating mee de pit à Columa 6, , Column Т, 
p ne л Sar Ton. о и Time in Seconds. | Distance in Feet. 
0—141 106 —6 100 1:0 | 141 147 
14:1—15 96 —6:5 89:5 0:895 1:0 21 
-15—16 78 —6:5 {1:5 0-715 14 88 
16—17 63 —7 56 0:56 1:8 45 
17-18 52 —7 45 0:45 9:2 57 
18—19 j 44 —7 87 0:37 2-7 72 
19—20 | 88 — 7:5 80:5 | 0:305 | 8-8 96 
20—21 84 —7.5 26:5 0:265 | 8:8 114 
21—22 29 —8 21 0:21 4:7 147 
22—28 26 —8 18 0:18 5:5 183 
28—24 28 —8 15 0:15 67 234 
24—25 20 —8:5 11:5 0:115 8:7 812 
25—26 18 —8:5 9:5 | 0:095 10:5 890 
26--26:9 16:5 —9 7:5 | 0:075 11-5 450 
26:9-0 —150 =7 —157 —1:57 ТІЛЕ! 840 
95:0 2,640 
Average speed from start to stop = 19 miles per hour. 
Total watt-hours energy input to train = 4,870. 
| Energy input to train in watt-hours per ton-mile = 7227. 


From these figures we obtain the speed time curve plotted in Fig. 90, in which the 
current input during this period has also been plotted. We have 72°7 watt-hours per 
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Fig. 90. CHARAOTERISTIO ÜURVES FOR А }-MILE RUN AT AN AVERAGE SPEED or 19 MILES PER 
Hour. 120-Ton TRAIN. LEVEL Track. No OoasrING. 


ton mile and an average speed of 19 miles per hour. The curves of Figs. 91, 92, and 98 
have been obtained by similar calculations. In these cases, however, coasting for 
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various lengths of time has been employed. Тһе results have been brought together 
in Table XXII. It will be seen that the watts input per ton-mile decrease at a 


В Speed т Miles per Hour 
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Fig. 91. OHARACTERISTIO CURVES FOR А 1-мпе RUN AT AN AVERAGE SPEED OF 18:1 MILES 
PER Hour. 120-Ton TRAIN. LEVEL Track. COASTING FOR 39 SECONDS. 


considerably greater rate than the average speed. The value 28°5 watt-hours per 
ton-mile for an average speed of 18:4 miles per hour, and two stops per mile, may be 
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Fig. 92. OHARAcTERISTIO CURVES FoR А l-MILE Run AT AN AVERAGE SPEED oF 16:1 MILES 
PER Hour. 120-Тох TRAIN. LEVEL Track. COASTING FOR 72 SECONDS. 


considered very small indeed. It would, however, be quite impracticable to employ 
such a large amount of coasting, and this is due to the high momentary maximum 
loads that would be thereby incurred. 
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CHARACTERISTICS OF ELECTRIC RAILWAY MOTORS 
| TABLE XXII. 


| Comparison of Results of -mile Runs with various Periods of Coasting. 
Acceleration = 1 mile per hour per second in all cases. 120-Ton Train. Level Track. 


| - x 


І 
| 
| 
| 
| 
| 
| 


| 
Number ofSeconds| Distance in Feet | Average Speed Energy Input + - ^ = 
` from Start to from Start to from Start to to Train in 5 dera Mes Kilo қастар та 
Commencement | Commencement | Stop in Miles Watt-hours per от AE Tr 2 ie eee та t 
of Coasting. of Coasting. per Hour. Ton-mile. охаш. gain: АБО Арш 
No-coasting | No coasting 18°95 72-7 166 400 2:4 
41:2 1,149 18:10 52:0 118 400 8:5 
80:8 585 16:05 88:8 74 400 5:4 
20:5 д 808 13°38 28°5 46 400 8-7 


By increasing the rate of acceleration at starting, the same average speed may be 
obtained for various intervals of coasting. This has been done in the curves of Figs. 
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Fig. 93. CHARACTERISTIC CuRVES FOR А }-MILE RUN AT AN AVERAGE SPEED OF 13:4 MILES 
PER Hour, 120-Ton TRAIN. LEVEL TRACK. COASTING FOR 107 SECONDS. 


94 and 95 for a mean speed of 19 miles per hour, and the results, together with those 
corresponding to Fig. 90, are given in Table XXIII. 


TABLE XXIII. 


Comparison of Results of 4-mile Runs at an Average Speed of 19 Miles per hour, and 
with various Periods of Coasting. 120-Ton Train. Level Track. Varying rates 
of Acceleration. 


| 
Number of Distance in У | d i i 
Rate of y сече , Energy Input Average Maximum Ratio Maxi- 
Acceleration in | Seconds from | Feet from Start Average Speed | “4, Train in Kilowatt Kilowatt mum Input 
н „| Start to Com- | to Commence- in Miles sara 
Miles per Hou: Penance SHOOT per Hour. Watt-hours Input to Input to to Average 
per Second. Coasting. Coasting. per Ton-mile, Train. Train. Input. 
10 No coasting | No coasting 19 12-8 166 400 2-4 
12 57:5 1,548 19 60:8 189 460 9:8 
l4 49-8 1,844 19 56.0 127 520 41 
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In this comparison the same motor curve has been taken for all cases. A КЕТ 
comparison might be made in which different motor curves are used, the mean speed | 
and rate of acceleration remaining the same. Our principal purpose is, however, to 
show that for higher accelerating rates, the watt-hours per ton-mile are slightly 
reduced. Carter, in a letter to Engineering for June 2nd, 1905, writes :— 


“Paradoxical as it may appear, if a given schedule is to be maintained, the j 


higher the rate of acceleration the lower will be the energy consumption per ton-mile. 


The reason, however, is not far to seek. The energy input is employed partly in | 
doing work against train resistance, and partly in imparting kinetic energy to the train, | 


which is ultimately dissipated through braking. The former component amounts to 
2 watt-hours per ton-mile output for every pound per ton train resistance, say 24 watt- 


hours per ton-mile output. The latter component, which, in the case of suburban | 
service, may amount to two-thirds or more of the total energy consumption, varies | 
practically as the square of the speed when the brakes are applied, as the weight of the | 
train, and as the frequency of the stops. A higher rate of acceleration therefore results | 
in reduced energy consumption, since it becomes possible to maintain the schedule | 


with a lower maximum speed, therefore dissipating less energy in braking." 


The authors wish at this point to refer to the ratio between maximum input to train - 
and average input to train. This consideration has a most important bearing on the | 
choice of the rate of acceleration to be employed. Іп the three cases given in Table | 
XXIII. (on p. 79) the maximum input to train is respectively 400, 460, and 520, while | 
the average input is 166, 138, and 197. Тһе ratio between maximum to average input | 
has therefore the values 2:41, 3°32, and 41 for an acceleration of 1, 1:2, and 1:4 miles - 


per hour per second. 


In all those cases where the number of trains running at the same tid are few, | 
the above ratio plays an important rôle in so far as the rated output of the generating | 
station and of the sub-stations is determined by the maximum output. In all these | 
cases it would be bad policy to use a high accelerating rate, as this is associated with | 


a high ratio of maximum input to average input. For all those cases, however, where 
the number of trains is great, the value of the maximum input to a single train does 
not occasion great fluctuation in the demand on the generating station, and, therefore, 
a higher rate of acceleration is desirable. Of course, there is still the disadvantage that 


the motors, rolling stock, and permanent way are subjected to more severe maximum | 


stresses. 


We shall now explain a method by which the gradients may be taken into | 


account. The method enables us to ascertain the extent to which they influence the 


energy consumption. The influence of a down gradient is added to the tractive force | 


exerted by the motor, and that of an up gradient is in opposition to it. As a down 


gradient of 100 per cent., i.e., a direct fall, produces a rate of acceleration of 22 miles i 
per hour per second, or a tractive force of 2,200 lbs. per ton, a gradient of 1 per cent. 

will produce a tractive force of 22 lbs. per ton.. It is, therefore, quite permissible to | 
forthwith ascribe to the gradients the tractive force in pounds рег ton corresponding | 
to the acceleration which they produce. Thus a 1 per cent. up grade, for example, is | 
equivalent to a tractive force of —22lbs. per ton, and a 2 per cent. down grade | 


to +11 108. per ton. 


We shall again consider а j-mile section, the first 300 ft. of which have a | 
gradient of +60 lbs. per ton, and the last 300 ft. a gradient of — 60 lbs. per ton. The | 
remainder of the distance is level. The calculation may be carried out tabularly, as _ 


set forth in Table XXIV. The results have been plotted in Fig. 96. 
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ШҮСЕПСТЕКІЗТІС5О. ОЕ ELECTRIC RAILWAY MOTORS 


TABLE XXIV. 


Calculations for Operation of а 120-Ton Train at an average Speed of 19 Miles per Hour, 
over a4-Mile Section, with a 9:78 per Cent. Down Gradient for the first 800 Feet, and 
а 9:78 per cent. Up Gradient for the last 800 Feet. 


7 x г v 1 sultan 

Speed e a Train. Be Oe Ac e in Time in Distance in 

4 Motors in Pounds Gradient in та Miles per Hour Seconds. Feet. 
per Ton, Pounds per Ton. рер LOL, | рег Second. 
| 
| 
- 0-1 106 +60 --6 1:6 8:8 91 
14:1—15 96 +60 —6:5 1:485 `6 12 
15-16 | 78 — 60 --6:5 1:815 :8 18 
16—17 63 +60 El 1:16 `9 21 
17—18 52 +60 Ed 1:05 9 24 
18-19 44 +60 == 0:97 1:0 97 
19--20 88 — 60 ED 0:905 4-2! 80 
20—21 84 — 60 Ss 0:865 1:2 86 
21—22 29 +60 = 0:81 12 89 
22--28 26 0 —8 0:18 5:5 182 
28—24 28 0 -8 0:15 67 231 
24—23 0 0 = --0:08 12:5 482 
28—22 0 0 —8 --0:08 | 12:5 414 
22—21 0 0 = —0:08 12:5 896 
21—920 0 0 =e --0:08 12:5 887 
20--18:8 0 --60 ens | —0 675 | 9:8 240 
18:8—0 —150 --60 —0 --2:16 | 6:2 60 
| 947 2,640 
Mean speed from start to stop = 19:0 miles per hour. 
Input to train in watt-hours per ton-mile = 80°7. 


This value of 30-7 watt-hours input to the train per ton-mile should be compared 
with the values in Table XXIII. The comparison shows that by a suitable use of this 
method, great economies are possible in many cases. То obtain the full saving possible, 
the use of the brakes should be reduced to a minimum. This condition is often not 
complied with on such roads. One often observes that the motorman keeps on power 
part way up the grade approaching the arrival platform, and then cuts off the current 
and applies the brakes. When such methods are permitted, a large part of the possible 
saving is sacrificed. The percentage of possible saving by the use of gradients at the 
stations, is greater the greater the number of stops, and the higher the schedule speed. 
It would not be worth while providing gradients for this purpose on lines with 
infrequent stops. These gradients are considerably more effective than any schemes 
for regenerating, for the reason that with gradients the recovery of the energy 
represented by the momentum of the train is effected without the aid of the motor, 
ie., without heating the motor, and it follows directly that the size of the motor can 
be considerably smaller than in any regenerative control system. 

Having shown how to obtain the characteristics relating to each section of a 
railway and how to deduce the average power required corresponding to the average 
speed, the average distance between stops, the profile of the line, and the number of 
trains, we propose to refer briefly to what is known as the load characteristic. It is 
often necessary to ascertain not only the average load but the nature and extent of the 
fluctuations, for the proper proportioning of the generating station plant and sub- 
station plant. These are obtained by superimposing the several section characteristics, 
and then adding the ordinates, the intervals corresponding to the frequency of service. 

E.R.E. вт с 
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In this way the load characteristic is obtained for a particular number of trains. It 
is usual to construct the curve for the maximum number of trains, and, after allowing 
for losses in transmission and transformation, we obtain the conditions to be fulfilled 
by the generating plant. / 

We must next consider the choice of the motor and of the gear ratio. The size 
of the motor, so far as relates to its rated output, is mainly dependent upon the 
heating due to the internal losses. The actual size of the motor, however, i.e., its 
weight, is also dependent upon the speed, i.e., upon the gear ratio and upon the 
diameter of the driving wheels. Increasing the gear ratio in any particular motor, 
decreases the train speed and increases the tractive effort both in the same ratio, the 
current being assumed constant. 


In Fig. 97 are given the characteristic curves of the G.E. 66 А. motor for three | 


different gear ratios. Curves corresponding to those in Fig. 77 can be plotted for 
other gear ratios in this same way. Fig. 98 shows how the transformation is 
obtained for a 20 per cent. greater gear ratio than that corresponding to the curves in 
Fig. 77. Any alteration in the diameter of the wheels should be treated as equivalent 
to an alteration in the gear ratio, an increase in the wheel diameter being equivalent 
to a decrease of the gear ratio. For instance, if we go over from a gear ratio of 
5-1 to land a wheel of 88 ins. diameter to a gear ratio of 2'7 to 1 and a wheel of 
45 ins. diameter, the equivalent alteration is 


5:1 x 45 
97 х 33 

For a given current, the train speed increases in the ratio of 1 to 2°58, and the 
torque decreases in the ratio of 2°58 to 1. 

The method of estimating the temperature rise of a motor must be selected 
with reference to the particular ease in hand. Іп the present discussion we shall 
have occasion to refer more partieularly to those cases where the time interval 
from start to stop is small, so small that the temperature rise during one such interval 
ean be neglected compared with the total temperature rise of the motor after several 
trips. In such a case we may caleulate the copper and iron losses during one run (as 
has been done in Figs. 79 and 82), and thus obtain the average loss, which we 
express in watts. The temperature rise is then obtained from the results of tests made 
with such constant loads.as correspond to this value for the average watts dissipated 
in the motor. For preliminary calculations it is usual to estimate the size of the 
motor from the average load of the motors. This may introduce slight errors, since 
the losses during this average load will generally be different from the average losses, 
but the error is not very great, and, with a little experience in making allowance for 


= 55. 
ee) 


this error, this simple method can also be used for the final calculation. In cases 


where the average time from start to stop is greater, and a consideration of the heating 


during a single run from start to stop becomes necessary, one nevertheless first | 


calculates the heating as before. In addition one must, in this case, take into 
consideration the variation in the final temperature during a single run from start to 


stop. The temperature fluctuates even after having attained its final mean value, in - 


he way indicated in Fig. 99, in which it is seen that a heating period alternates with 


a cooling period. The maximum temperature is therefore greater than the average | 


temperature by approximately half the difference between A and B. The distance 


1 The ratios chosen, i.e., 2, 8, and 4, allow a good comparison; it is scarcely necessary to point 
out that the precise values are not such as should be employed in practice. 
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Fig. 98. CHARACTERISTIC CURVES OF SERIES PARALLEL OPERATION OF Four С.Е. 66 А. MOTORS WITH A GEAR RATIO oF 4:73, AND WITH 34-INCH DRIVING WHEELS. 
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ӘЕГПГЦАСТЕБІСТІС5 OF ELECTRIC RAILWAY MOTORS 


A B can be estimated fairly accurately from the cooling curve determined during the 
complete tests on the motor, as all the necessary factors, such as time of cooling and 
average temperature, are given. The temperature rise of the motor from the 
commencement of service would follow the curve of Fig. 100, from which we see that 
| jt increases by steps as section after section of the route is traversed. 

The problem that next arises, consists in applying to practical conditions the 
various results deduced in the preceding sections. This general case relates to a 
route with a number of stations located at varying distances apart, the gradients on 
each single section also varying. Тһе schedule speed for a total train trip, the 
approximate weight of the train, and the duration of the stops are also generally 
given. Before determining the capacity of the motor and the required motor 
characteristics, we must ascertain the average distance between stations and the 
average profile of the line and estimate from these and the other necessary data 
the consumption in watt-hours per ton-mile. While the calculation of the average 
distance between stations offers no difficulty, the average profile of the line is not so 
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Fig. 99. TYPICAL TEMPERATURE CURVE OF AN INTERMITTENTLY-LOADED MOTOR. 


Temperature 


readily ascertained. In fact, this step is sometimes neglected altogether in the 
preliminary calculation. 

We propose to give a more detailed description of our method for obtaining the 
average profile of the line, because the importance of this factor 1s often great. In 
very many cases the accuracy obtained from the study of a single representative 
section is sufficient for the final estimation of the required motor characteristics. If 
the average profile is not taken into account, the final and rather laborious calculation 
may show that the preliminary calculations have led to incorrect conclusions as to the 
motor characteristics required, and all the laborious calculations will then have to be 
repeated. If ail single sections have approximately the same profile, then, of course, 
the average profile is immediately available. In the general case, however, it 18 
necessary to ascertain the degree of importance of the gradients and of their location. 
Such an analysis, as indicated in Table XXIV. on p. 81, would show that an up gradient 
at the beginning of a run is of the greater disadvantage, and that the effect is diminished 
if the location of the gradient is removed from the beginning nearer to the end of the 
accelerating period, and still further diminished if nearer to the end of the run. In 
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fact, at the very end of the run an up gradient becomes advantageous, since it relieves 
the brakes. The effect of any gradient may, therefore, be fairly represented as a 
funetion of the amount of that gradient and of its location. 

Suppose that we have a line where the. distance between stations varies between 
one-third of a mile and one and one-half miles. From a rough consideration of the 
mean speed and the practicable rate of acceleration, we find that the accelerating period: 
may extend to a distance of from 200 to 500 ft., and the braking period to from 150 
to 250 ft. In Table XXV., the gradients for the three principal stages of each single 
run between stations are recorded. 

I. The average gradient for the first 300 ft. 
ШЕ pe " Ж second 800 ft. 
ІП. Р А " last 900 ft. 

То each gradient is assigned at once its equivalent value in tractive force in 
Ibs. per ton. An up-gradient is indicated as negative (—), and a down-gradient as 
positive (+). 

Taste XXV. 


Schedule of Gradients on Ше various Sections of the Railway. 


Rune Average Gradient | Average Gradient Average Gradient 
for first 300 Feet. | for second 300 Feet. for last 200 Feet. 
From station A to station B . Е à +20 +15 +5 
From Во С. 1 Pee ICM EE ED +3 Е 
From C toD . А 3 - а я —5 —: +20 
From DtoE . қ A Е . Е -6 —3 — 15 
From E toF . : : 5 Р E +30 +10 —5 
From F toG . : : : Р : — 20 +10 — 25 
Average A to G : ; Е Е з +5 +45 -9 


From this table an average gradient for the first 800 ft., for the second 800 ft., 
and for the last 200 ft., is readily obtained, and the average profile of the average 
run, from start to stop, can be determined at once, the intermediate distance being 
taken as level, as the effect of all intermediate gradients is comparatively small unless 
they are very heavy, in which case an allowance should be made in the final result. 
Of course, with sufficient experience, one may make an excellent determination 
of the average profile itself by unaided judgment, thus avoiding the necessity 
for such calculations as those indicated in Table XXV. Armstrong has given. very 
convenient curves for cases of just this sort. His curves give the relation between the 
kilowatts input to the train on the one hand, and the stops per mile and the schedule 
speed of the train on the other. Armstrong’s original curves, which are reproduced 
in Fig. 101, give the average kilowatts at the car for a car weighing 32 metric tons. 
The duration of stops appears to have been taken as 20 seconds. In Fig. 102, the same 
curves have been converted by the writers into terms of the watt-hours per ton-mile. 
This is an expression which does not vary greatly with the weight of the car or train. 

Mr. Е. W. Carter has kindly placed at our disposal the curve reproduced in 
Fig. 108. In this curve, Carter employs as ordinates the products of rated horse 
power per ton and ,/ stops per mile, and ав abscisse the products of mean running 
speed in miles per hour (exclusive of stops) and »/ stops per mile. Ву this very 
ingenious way of plotting, Carter has been able, in a single curve, to obtain the 
84 
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Fig. 100. CURVE SHOWING THE TEMPERATURE RISE OF A RAILWAY MOTOR WHEN RUNNING ON A SERVICE WITH LONG COASTS. AND FREQUENT STOPS. 
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equivalent of Armstrong’s group of curves. The authors have made a comparison 
between Carter’s curve and Armstrong’s curves, and find that the latter curves can be 
represented with great accuracy by a single curve, in which the abseisse denote 
schedule speed x stops per mile, the ordinates denoting horse power per ton x (stops 
per mile)?. We have worked out such a curve in Fig. 104 for a 30-ton train. Whereas 
Carter’s curve (Fig. 103) gives the rated capacity (see p. 55 for definition of rated 
eapacity of railway motors), the curve of Fig. 104 relates to input to train. In going 
from a 30-ton car to a 100-ton train, the watt-hours per ton-mile will remain practically 
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Fig. 101. THE EFFECT or FREQUENT STOPS ту HIGH-SPEED RAILROADING.” (А. H. Armstrong, 
Street Ráilway Journal, Vol. XXIII, p. 70, January 9th, 1904.) 


Speed for above curves = Schedule Speed (i.e., including stops). 
The diagram shows the energy consumption for a 32 (metric) ton car, Duration of stops = 20 seconds, 


unchanged in all cases in which the air friction is small compared with the bearing 
friction, or in which the energy for overcoming the friction is small compared with 
the energy wasted in rheostats and braking. In other words, the lower the speed and 
the greater the number the stops per mile, the smaller will be the difference in the 
value of the watt-hours per ton-mile required for а 30-ton train and the value for a 
100-ton train. 
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While it has been repeatedly shown that at medium and high speeds long trains 
require much less energy per ton than is required for short trains, different investigators | 
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102. ENERGY CONSUMPTION FOR А 32-Ton CAR АТ VARIOUS SCHEDULE SPEEDS. 


have arrived at widely-diverging values for the relative consumption of long and short 
trains. Aspinall’s curves for the tractive force required at the axle for trains of various 


lengths have already been given in Fig. 2 on p. 6 of Chapter I. 
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Armstrong, basing his 
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conclusions on exhaustive tests by Davis, employs the curves reproduced in Fig. 105, 
in deducing the relative amounts of tractive force required for light and heavy trains. 
It is most difficult to reconcile these and other results, as well as to deduce a practical 
method of allowing for the variations in power required due to variations in the 
weight of the train, but these curves are useful as guides in such cases. 

On p. 248 of The Electric Journal for May, 1906, Wynne has given 
some curves plotted from 


a formula by Blood, and Имей Power of и Average Suburkan 


showing the train resistance Conditions | 

of single cars of different Acceleration=''5 Miles per Hour per Second 
weights. These curves have Bra hing = и сан 5 

been replotted employing Coasting Е: 175% of ара g Vine е luding Зе 5) 


metric tons, and are given 
in Fig. 106. 

It is convenient for 
any particular case, to 
determine the required 
motor capacity by means 22 
of curves such as those 20 
just described, and then to 
inerease this capacity by 
an amount commensurate 
with the conditions as to 
permanent way, gradients, 
curvature and rolling stock, 
for the particular case 
under consideration. 

In comparing the 
above data’ with experi- 
mental results obtained on 
different lines, it must be 
kept in mind that an 
absolute agreement 18 
quite out of the question. 


The rating of the motors (Average Speed from Start loStapin ME WX (боз рег! 72) 


actually installed оп the Fig. 103. Савтин/8 CURVE OF RATED CAPACITY OF 
trains depends also, as has ELECTRICAL EQUIPMENT. 

been explained, on the 

gradients and curvatures on the line. Even if these factors were eliminated, there 
would still be the individual judgment of the designer to be considered. Never- 
theless, it is of interest to give the rated horse-power of the motor equipment 
chosen for a series of lines operated by continuous-current. These have been 
compiled in Table XXVI. from data for a considerable portion of which we are 
indebted to Mr. F. W. Carter. 
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Тавре XXVI. 
Continuous Current Motor Equipments employed on a Number of Typical Railways. 


| Number of Stops BITE 
per Mile (he Stops тараға 2 or on сЕ or тена 
с + are generally о rain (including per ton eig. 0 
Name of Line, кз лына INE ш 
(ineluding Stops). The Mean Value of. 1,000 Kilogrammes | Nominal Rating of 
15 Seconds may be (2,200 1bs.). 75° C. Rise after 
taken). One Hour on 
Testing Stand. 
Metropolitan District Under RM 
Railway of London 157 2:1 175 6:8 
Manhattan Elevated Railway . 147 8:0 127 7:9 
New York Rapid Transit Railway 16:2 2:6 162 7:4 
Liverpool Overhead Railway 19 2:5 55 73 
Central London Railway . | 14 2:1 120 42 
Illinois Central Railway (Single Car) 17:8 1:8 29 8-7 
North Eastern Railway : 22 0-9 92 5:4 
Railway A—Express Service 80-7 0:8 64 12-5 
5 Local Service 19 2-6 64 19% 
55 Express Service 80-7 0:8 48 146 
5 Local Service 19:1 2:6 48 14:6 


Carter (* Technical Considerations in Electric Railway Engineering ") states that 
on the 1-һопг 75? Cent. basis of rating of railway motors, the weight of the 
electrical equipment comprising continuous current motors, rheostats and controllers, + 
may be taken as 40 Ibs. (18:2 kgs.) per nominal horse-power. He states that this is 
an average figure corresponding to surburban service, and must, of course, only be 
treated as a first approximation. The figure is furthermore based on motors of from 
150 horse-power to 175 horse-power rated capacity. The equipment will be heavier 
with many motors, each of smaller capacity, and vice versa. He also points out in this 
conneetion, the importance of not overlooking the greater weight of motor trucks as 
compared with trailer trucks. On the basis of this figure of 40 Ibs. per rated horse- 
power, Carter has deduced curves from which the writers have compiled the curves in 
Fig. 107. It is very evident that for each length of run there is a limiting average 
speed from start to stop which, even with high initial accelerating rates, cannot be 
obtained owing to the electrical equipment requiring its entire available capacity for 
self-propulsion, there being no residue for trucks, cabs, furnishings or for the load to be 
transported. This limiting speed is, of course, higher the less the frequency of stops. 

The curves of total energy consumption at the contact shoe, per ton-mile, 
corresponding to the curves in Fig. 107, are given in Fig. 108 in terms of the 
schedule speed, for stops of 0, 10 and 20 seconds’ duration. Allusion has already 
been made to the importance of a careful examination of any particular case, before 
making definite statements as regards schedule speeds for a given frequency of stops. 
Prior to a discussion of the subject of motor power required for given schedules and 
weight of electrical equipment, the matter could not be dealt with so fully as desirable. 
Now, however, we can revert to the subject and analyse it in the light of the more 
complete data set forth in the last section. 


Schedule Speed and Number of Stops per Mile. 


One of electricity’s chief claims to superiority over steam as a motive power for 
railways is based upon the feasibility of maintaining a high schedule speed with frequent 
68 
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stops. The high rate of acceleration obtainable by electric traction permits higher 
speeds, with a given number of stops per mile, than has been possible with steam 
motive power, but these possibilities have so encouraged promoters of electric traction 
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ScHEDULE SPEEDS AND VARIOUS STOPS PER MILE. 
Duration of stop = 20 seconds. 


| enterprises that they sometimes lose sight of the fact that even electric traction has 
| its limitations, and that high schedule speeds, which, with frequent stops, inevitably 
89 
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necessitate high accelerating rates, are only to be attained at very disproportionately 
increased cost. Limitations of space will only permit of the most cursory examination 
of the subject. By steam traction on railways, the rate of acceleration is generally 
considerably lower than 0°5 mile per hour per second, and опе is able by electric 
motive power to obtain accelerating rates as high as 8 miles per hour per second; 
but it should not be concluded that such accelerating rates are desirable. They 
impose severe strains on the trucks and the permanent way; they involve the use of | 
а total weight of electrical equipment, including motors, controllers, and regulating | 

apparatus—such ав rheostats or transformers, or potential regulators—which may | 
exceed the weight of the remainder of the rolling stock, together with the passengers. | | 


ММҸ 
НЕХ 


Speed „л Piles рег Hour 


Tractire Hesistance in funds per Ton. 


Fig. 106. CURVES OF TRACTIVE RESISTANCE FOR SINGLE CARS OF VARIOUS WEIGHTS 
ACCORDING TO WYNNE. (Blood’s Formula.) 


The passengers might be willing to sacrifice their personal comfort in the interests of 
shortening the time spent on the journey, but difficulty will attend adjusting fares at | 
values commensurate with the expenses entailed in conforming to schedules requiring 
so high an accelerating rate. Of course, it must be admitted that conditions of traffie 
exist where the high train load factor justifies the heavy cost per train mile, and there | 
is also the off-setting factor that the higher mileage per train per day reduces the | 
number of trains required for a given frequency of service, and thus also the capital 
outlay for rolling stock. The greater wear and tear will, however, reduce this 
advantage considerably, in that a larger percentage of the trains will be undergoing 
repairs ; in other words, a larger percentage of spare trains must be provided. 
Leaving out the exceptional cases, it may be said that an average accelerating rate 
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lof 1°5 miles рег hour per second is generally a fairly satisfactory value for passenger 
trains electrically operated, and is rarely or never exceeded in regular service. This 
is already over three times as great as the accelerating rates customary with steam 
‘passenger trains. The average rate of retardation during braking may also be taken 
iat some 1:5 miles per hour per second. Let us permit the maximum speed to exceed 
‘the average speed from start to stop by 884 per cent., i.e., with an average speed 
of 15 miles per hour from start to stop, let us permit a maximum speed of 20 miles 
per hour. Let the length of stop equal 15 seconds. With these assumptions, it 
may readily be found by graphical plotting that, with one stop per mile, the average 
obtainable speed between stops hardly exceeds 31 miles per hour, or a schedule speed 
(average speed, including stops) of 27 miles per hour. With two stops per mile 
| (i.e., one stop every 0:5 mile), the greatest obtainable schedule speed, on these same 
assumptions, will be but 19 miles per hour. On the contrary, should we run 
over sections of 2 miles’ length between stops, we shall be able to obtain a schedule 
speed of 40 miles per hour. These results are brought together in Table XXVII :— 


Taste XXVII. 
Schedule Speed with 15 Second Stops, for a mean Acceleration of 1:5 Miles per Hour 
per Second, and a mean Retardation of 1:5 Miles per Hour per Second, when the 
Maximum Speed does not exceed the average Speed from Start to Stop by more 


than 884 per Cent. 


Number of Stops Greatest obtainable Schedule 
per Mile. Speed. 
2:0 19 miles per hour. 
1:0 27 » » 
0:5 40 ” D) 


In a very interesting article on this subject (Street Railway Journal, Vol. XXIII., 
pp. 70, 71, January 9th, 1904) Armstrong has given data from which the average 
kilowatts input to the train, and the rated horse-power of the electrie equipment of 

a 100-ton train, has been obtained for the three cases above considered. These values 
are set forth in Table XXVIII. 


Taste XXVIII. 
Armstrong's Data for average Input to Train under various Conditions of Service 
(see Fig. 101). 


Number of Stops 


Average Kilowatt 


Rated Horse-power 


| per Mile. Sehedule Speed. E d TN И 
2:0 16 140 680 
10 7 230 1,000 
0:5 40 400 1,800 


я 


1 The mean speed from start to stop is termed the average speed, and the mean speed, including 


stops, is termed the schedule speed. Thus in the case with two stops per mile, a schedule speed of 
| 19 miles per hour corresponds to an average speed of 22°6 miles per hour, and a maximum speed 
| of 30 miles per hour, which is 884 per cent. higher than the average speed, and 58 per cent. higher 
| than the schedule speed. 
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From data of the weight of complete electrical equipments, including continuous- 
current motors and accessories, the rough values set forth in Table XXIX. have been 


compiled :— 
Taste XXIX. ` 


Representative Data of Trains for various Services. 


Train weighing 100 Tons complete, 
including Equipment and Passengers. 
Number of Stops Se Seating 
per Mile. Е. ааа 227 Weight remainder, | Capacity. 
| ра сас | including | 
азар Ы Passengers. | 
| | 
| Tons. | Топз. | 
2-0 тд Сн Сб 70 | 7 990 
Р | 
10 27 40 | 60 180 
0-5 40 65 | 35 | 100 


From the values in Tables XXVIII. and XXIX., the figures shown in Table ХХХ. 
for the watt hours per seat-mile are readily deduced :— 


TaBLE ХХХ. 


Watt-hours Input to Trains for various Services per Seat-mile. 


Watt-hours Input 


Number of Stops chedule Speed in to Train per 


| з 
per Mile. | Miles per Hour. Seat-mile. 
he | 29 | 34 
27 48 
40 100 


Now let us make a rough estimate of the schedule speed which would be 
practicable with two, one, and one-half stops per mile, if we allow 30 tons for 
the electrical equipment, i.e., 30 per cent. of the total weight of the loaded train. 
There thus remains 70 tons for the balance of the equipment, whieh will provide 
for some 220 seats. Thirty tons of electrical equipment may be taken as corresponding 
to some 630 rated horse-power, and this will provide an average input to train of 
some 140 kilowatts. From Armstrong's eurves in Fig. 101, and from the reasoning 
above employed, the following sehedule speeds and energy eonsumption at train in 
watt-hours per seat-mile may be deduced, and are given in Table XXXI. 


Taste XXXI. 
Watt-hours Input to Trains for various Services per Seat-mile. 


садаа Speed in 9 : 
Miles per Hour for | Watt-hours Input 
Оре da tops 630 Rated Horse- to 100-Ton Train 
T power of Electrical per Seat-mile. 
Equipment. 

9:0 19 84 

го 24 27 

0:5 80 91 
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In Table XXXII. some further conclusions are derived from the preceding tables. 


Taste XXXII. 
Dependence of Energy Consumption on Schedule Speed. 


| 
А. | "ce 
Highest practicable B. C. D. | и. 
etm Speed (with Schedule Speed З Watt- Watt- bé 
е 1:5 Miles per Hour corresponding to an FF or gent DY B hours hours Per cent. by ine ТЕУ d 
Н ДОВ per Second Accelera- | Electrical Equipment WE WES per per which D is Sent Ба 
Nile tion and Retardation, constituting 30 per 5 eed A Seat- Seat- less than C, 5 Der S 
5 also Maximum Speed cent. of the total р Р mile mile eree Bs 
not Md Average Weight of Train. for A. for B. | Schedule Speed. 
Ы | 
| 
| 
2:0 19 miles per hour. 19 miles рег hour. | 0 рег сепі.| 84 34 0 per cent. — 
ШЕ оо SEE MOL YQ ies 48 | 27 |44  , | 40 per cent. 
05 40 ,, o5 9007, n5 25 ро 100 21 |79 2 8:2 óc 


It is thus evident that for the first 10 per cent. to 25 per cent. or so, by which we 
reduce the schedule speed below the maximum practically obtainable, we shall reduce 
the energy consumption per seat-mile by from 3 per cent. to 4 per cent. for every 1 per 
cent. decrease in schedule speed; thus we can halve the watt-hours per seat-mile by a 
15 per cent. decrease in the schedule speed below the maximum attainable under the 
specified conditions. Schedules requiring over 40 watt-hours input per seat-mile are 
for trains essentially extravagant. As an example of a much more moderate service, 
the Central London Railway may be mentioned. On this road, the weight of the 
electrical equipment is some 20 per cent. of the total train weight, and the energy 
consumption at the train is of the nature of 20 watt-hours per seat-mile, the average 
number of stops being 9:25 per mile, and the schedule speed being 14 miles per hour. 
But in the case of the Central London Railway, the inclines at the station approaches, 
contribute considerably in decreasing the energy input per train mile. 

The estimations throughout this investigation are of the roughest nature, and are 
only intended to show the consequences of striving for high schedule speeds and frequent 
stops. Thus one might very properly question whether a train weighing 100 tons 
complete, and electrically equipped with power for so high schedule and maximum 
speeds as 40 and 53 miles per hour, respectively, with one stop per 2 miles, would or 
would not have the stated capacity of 100 seats. Standards for good practice in these 
directions are only slowly emerging. In many other respects the estimates are most 
crude, but it is thought that they may suffice to illustrate the point in question. 

These considerations vitally affect the question of the relative advantages of the 
continuous-current and the single-phase systems. An equipment with alternating 
current single-phase commutator motors and the necessary controlling apparatus for 
running over not only alternating current, but also continuous current sections of line, 
may be taken as weighing at least some 40 per cent." more than the corresponding 
equipment of standard continuous-current motors. For a given total weight of train, 
this will either necessitate reducing the seating capacity or reducing the schedule 
speed or the number of stops. If the total weight of train is increased so as to 
obtain the same seating capacity, then the watt-hours per train-mile will be increased, 
and this will require for a given schedule a greater rated horse-power per seat. 

Let us confine our comparison’ to the same total weight of train—100 tons— 
already considered. The single-phase equipment will weigh, say 1:4 x 80 = 42 tons. 

With the remaining 58 tons we can provide seating capacity for some 182 

1 This low figure of 40 per cent. greater weight is only taken from motives of conservatism. 
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passengers. Neglecting the lower efficiency of the single-phase system, we obtain the 
figures given in Table XXXIII. 
Taste XXXIII. 


Comparison of Input per Seat-mile, with Continuous-current and Single-phase Equipments. 


Қ" ре ый Train 
> + ‚ | Miles per Hour for А 
паа е 680 Rated Horse- 
ха or раси Continuous-current Single-phase 
дар à Equipment. Equipment, 
2:0 19 34 41 
10 24 27 88 
0:5 80 21 25 


As a matter of fact, the lower efficiency of the single-phase equipment will make 
these figures still more unfavourable to that system. Should we keep the seating 
capacity the same, we should be obliged to reduce the size of the equipment to not 
over 450 horse-power, and we should then have the schedule speeds and watt-hours 
per ton-mile for the two systems, as shown in Table XXXIV. 


TABLE XXXIV, 


Further Comparisons of Input with Continuous-current and Single-phase Equipments. 


Schedule Speed in Miles per Hour, Watt-hours Input to 100-ton Train per 
Seat mile. 
Number of Stops | Continuous-current Single-phase 
per Mile. Equipment of Equipment of 
630 Horse-power, 450 Horse-power, | Continuous-current Single-phase 
and weighing and weighing Equipment. Equipment. 
30 Tons. 30 Tons. 
2°0. 19 Ша 94 80 
1:0 94 21 27 24 
0:5 80 ; 26 21 18 


By interpolation from the two preceding tables, it is seen that for the same watt- 
hours per seat-mile for the two systems the schedule speeds would be as shown in 
Table ХХХУ. Г 

TABLE XXXV. 


Comparison of Schedule Speeds with Continuous-current and Single-phase Equipments. 


Schedule Speed in Miles per Hour. З 
Number of Stops ея oe = 
per Mile. per Seat-mile. Continuous-eurrent Single-phase ` 
Equipment. Equipment. 
20 84 19 Ai 
1-0 о 24 T py. 
0:5 91 80 28 


Furthermore, there is as yet no accessible comparative data to make it clear that 
the commutator of the single-phase motor will not deteriorate far more rapidly for a 
mean accelerating rate of 155 miles per hour per second than will the commutator of 


the continuous-current motor. Many engineers are quite satisfied that the former will: 
96 
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deteriorate far more rapidly. It would be well, pending the further development of 
this class of motor, to specify that such motors shall be subjected on the testing stand 
to accelerating on an alternating current circuit from rest up to 20, 30, or 40 miles per 
hour, as the case may be, under such conditions of terminal voltage and load as 
would in actual practice give a constant accelerating rate of somewhat over 15 miles 
per hour per second with the car or train to be handled. If the motor is for a road 
operating with one stop per mile at a schedule speed of 20 miles per hour, this 
acceleration from rest should be repeated every 3 minutes for 15 hours per day for 
10 days. If the commutators of 2 or 8 motors should be shown to sustain this test 
anywhere nearly as satisfactorily as the commutators of corresponding continuous- 
eurrent motors, this commutation menace would be removed from the question, and 
the chief remaining disadvantages of the single-phase equipment would relate to its 
greater weight and lower efficiency. The matter has been alluded to, since attractive 
schedules for suburban trains are dependent upon the use of accelerating rates of 
from 1 to 2 miles per hour per second, and there appears to be room for doubt whether 
the single-phase commutator motor can equal the continuous-current motor with 
respect to good commutation under these conditions. Should this be so, then the 
use of the single-phase system will entail still further decrease in schedule speeds 
below those practicable with continuous-current equipments. Single-phase equipments 
will, of course, permit of much better schedule speeds for suburban service than are 
obtainable with steam locomotives, but it is probable that they will, to many of us, 
prove to be disappointingly inferior to continuous-current equipments. 
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Chapter V 


THE ELECTRICAL POWER GENERATING PLANT 


HE amount of power to be provided by the generating station under service 
eonditions has been dealt with in a previous chapter. For tramways working 
under normal conditions as to surface characteristics and rolling stock, the average 
power required at the generating station works out at about 7°8 kilowatts per car. 
The maximum fluctuation is from 50 per cent. to 100 per cent. in excess of this, 
according to the number of cars in service and the extent of the undertaking. It has 
been shown that in regard to the generating plant for a railway, a close investigation 
of the conditions of each undertaking is necessary, as the factors vary considerably. It 
has been shown how to take account of these variables, and how to derive, from the 
power curve of each section, a total output curve for the sub-stations and generating 
station, from which are obtained the average power, the magnitude, and frequency of the 
fluctuations. The present chapter will deal with the arrangement of the generating 
plant, and the design and characteristics of the component parts. 

Taking as our starting point the load curve of the station, the next step is to 
decide upon the size of unit and the type of generating plant. The daily load curve 
should be consulted to determine the most suitable size of unit, which should be such 
as to give the highest load factor for the running plant consistent with steam 
economy, operating expenses, and capital cost. The range of load over which the 
generating set will maintain a suitable efficiency also enters into the question of its 
size, which should be increased until the extra steam consumption due to the poorer 
load factor balances the saving in capital cost and operating expenses. Under these 
conditions, the size of the generating set will increase with the size of the station up 
to the limit where mechanical unwieldiness interferes with operating economies. А 
limit of 5,000 kilowatts appears to be reached with reciprocating engines, but steam 
turbines appear to have a far higher limit than this, and for this reason, other 
conditions being favourable, it is probable that turbines will be favoured for future 
large installations. 

Fig. 109 shows a daily load curve of the Central London Railway, and in the same 
diagram is drawn a line indicating the full rated output of the plant in service, the . 
ratio of the two areas being the load factor of the plant. In this case six units of 
plant are installed, and the units in service during the particular day vary from one 
to five, and follow the load curve fairly closely. Тһе momentary fluctuations in the load 
are not shown in this curve, and these, of course, have to be taken into account in 
adjusting the plant to Ше load. It will be seen how the peaks of the load are supplied 
from the overload capacity of the generators. In this connection the curve of the 
combined efficiency of the engine and generator is of importance, for by designing the 
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engine and generator with a high level of efficiency over a long range a larger unit of 


plant might be used. This, however, tends to limit the overload margin of the set. 


| Buperheating of the steam has a tendency to preserve a high level of efficiency over a 
| wide range, so that larger units may be used with good economy than otherwise would 


be advisable. 

The amount of spare plant depends upon how often the plant is called upon to 
meet abnormal demands. Tramways, for instance, are liable to heavy loads on one or 
two days in the week, and to a still heavier one on special occasions, such as public 


| holidays. To meet the former condition a single unit of plant may be provided as 


spare, while in the case of infrequent maxima it is sufficient to arrange that the whole 
of the plant shall be in service for the occasion, provided that the plant is of a reliable 
type, and the intervals sufficient to attend to repairs. 

With regard to the type of generating plant, provided that the space at one’s 


disposal and the characteristics of the load be taken into account, such matters as the 


choice of a plant resolve themselves into a question of capital cost against running 


cost. Broadly speaking, for a large installation with large units, a slow-speed engine 


ог а steam turbine would be more suitable than a high-speed reciprocating engine. 
The former would be used if the facilities for condensing be limited, and the turbine if 
there is abundance of condensing water at a convenient level not involving much extra 
power in lifting. In the case of a small installation, where the size of units is under 


| say 500 kilowatts, the high-speed reciprocating set would be found more suitable than 


а slow-speed set; and if the condensing facilities are limited, a steam turbine is out of? 
the question as against a high-speed set, as the latter is not much more expensive, and 
is more economical under the circumstances. 

In order to, fulfil the conditions outlined, the engine and generator must be 
designed so as to respond readily to rapid fluctuations in the load. As regards the 
engine, the speed-regulating apparatus must be so designed that the variations of the 
speed from no load to full load, and also during each revolution, must be kept within 


the defined limits. It is usual to specify that the maximum variation mm speed due to 


any variation in load between minimum and maximum shall not exceed 13 per cent. 
above or kglow the normal speed. 
With regard to the first condition, the difference between the mean speed revolu- 


tions per minute аб maximum and minimum load is dependent entirely upon the 
| governor, but variations during any one revolution must be taken care of by the 
| flywheel. These latter variations may be divided into two classes: first, those due 


to variations in the impelling force, the load remaining constant; secondly, those due 


‚ to variations in the load without corresponding increase of the impelling force. 


It has been found in practice for engines for electric traction purposes that the 


| weight'of flywheel necessary to maintain the speed between the fixed limits is much 


greater for the second than for the first of these conditions, and that if designed to 


| fulfil the second, the flywheel will, in a well-balanced engine, be more than sufficient 


to deal with the variations in angular velocity due to variation in the impelling force. 

The weight of the flywheel rim must be such that the energy given out in dropping 
‘through the т limit of speed variation during one revolution must be equal 
to the i increase of load beyond that which can be dealt with by the energy expended 
by the steam available. 

It has been found in practice that the maximum energy which the flywheel should 
be designed to supply under these conditions is about 80 per cent. of the maximum 
fluetuation of load to be dealt with. 
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In designing the flywheel the effect of the revolving field or armature of the 
generator should be taken into consideration, and the weight of the wheel reduced 
accordingly. 

As regards the variation of angular velocity during a revolution, the limits depend 
upon the design and type of generator and upon the periodicity. With alternators 
running in parallel, it is found, as a matter of experience, that in order to avoid 
fluctuations of voltage in the system, it is advisable to confine the angular displacement 
to within the limits of 23 electrical degrees above or below the mean. 

The rapid alterations in the stresses and the weight of the flywheel necessitate a 
stiff shaft, but it is found advantageous to make the shaft considerably stiffer than 
these considerations alone would demand, as by this means undue stresses upon the 
reciprocating parts are avoided. These parts can then be designed strictly to fulfil 
their normal functions, and in consequence can be made much lighter than is otherwise 
the case. 

As regards the generator, if of the continuous current type the conditions to be 
fulfilled are met by designing the armature coils for a sufficiently low inductance, a 
high magnetisation of the armature projections, and by over-compounding ; by these 
means sparkless commutation may be obtained throughout a wide range of load. The 
generator is usually required to supply its full rated load continuously without a rise 
of more than 35 degrees Cent., and must, with fixed brush position for all loads, take 
50 per cent. overload without sparking at the commutator. If the generator be of 
the alternating current type, in addition to the considerations mentioned as to varia- 
tion in load, consideration must be given to the transmission, transforming, and 
converting system, in fact the whole system is closely interdependent. The design 
of the generator is affected by the resistance and inductance of the transmission 
system and by the nature and electrical properties of the sub-station plant, and the 
properties and characteristics of the whole must be kept in view in the design of 
each part. 

The following is a specification of a type of engine and generator which has found 
extensive application in this country; the unit consists of a vertical cross compound 
engine coupled to a continuous current generator of 550 kilowatts rated output, and 
suitable for electric traction purposes. 


Engine :— 
Diameter of high-pressure cylinder Е К . 2218. 
Diameter of low-pressure cylinder : : EUN dM 
Stroke . : Я 5 Е : А ы А aie. 
Revolutions per о 5 ; ; : 3 90 
Initial steam pressure . 5 с 3 : . 150 Ibs. 
Vacuum : : . ' 26 ins. 
Rated load, (I.H. Р) 800; ; ane ox one- third stroke. 
Total weight of engine . 5 . 190 tons. 


Weight of wheel, 70,000 lbs. ; дан 19 ft.; face, 16 ins. 
Diameter of bearing, 18 ins. ; length, 36 ins. 
Diameter of shaft between bearings . Е . 194 ins. 
Diameter of crank-pin, 6 ins.; length, 6 ins. 
Diameter of cross-head pin, 6 ins. ; length, 6 ins. 
Diameter of piston rod . : 5 А : . 44 ins. 
Diameter of steam inlet, 7 ins.; diameter of 
exhaust outlet, 16 ins. 
Guaranteed steam consumption . : ; . 1315. of dry saturated steam per 
I.H.P. hour. 
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Generator :— 
Rated output Е 5 - : 4 5 
Pressure: по load, 500 volts; full load, 550 volts. 
Current . Е C 
Speed 
Armature winding :— 
Number of circuits : : Р 
Number of turns in series per circuit 
Size of conductor . : Р : ; 
Amperes per square inch of conductor . 
Number of slots . : : 
Number of conductors per slot | 
Diameter of armature at face 
Length of core between heads 
Dimensions of slots 
Field winding :— 
Туре . 5 : 5 5 ; 
Number of turns per shunt spool . 


Size of conductor in shunt winding 


Turns per series spool 

Size of conduetor . 
Commutator :— 

Diameter 

Active length 

Number of segments 

Brushes 


Amperes per square inch of brush contact 
Heating :— 
Rise in temperature after eight hours’ run at 
550 volts and 1,000 amperes :— 
Armature core surface ; 
Commutator bars 
Spool shunt 
Insulation Test :— k 
2,000 volts effective alternating pressure applied 
for one minute, between the electric circuits 
and framework. 
Efficiency :— 
One and a quarterload 
Full load à : 
Three-quarter load 
Half-load 
Quarter-load . 
Weight, total . 
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550 kilowatts. 


1,000 amperes. 
90 revolutions per minute. 


10 

90 

0:8 ins. x 0:08 ins. 
1,560 

800 

6 

96 ins. 

20:5 ins. 

2 ins. X 0:525 ins. 


Compound. 

1,154 
( 780 turns of No. 9 B. and 6. 
ЕН, No. 10.206 

83 

145 ins. x 6:5 ins. 

86 ins. 

8:875 ins. 

900 

3 in. х 12 ins. five per stud, ten 

studs. 
49:8 


26 degs. Cent. 
22 ب‎ » 
2005 


94:4 per cent. 
ES 
945 ,, 
940 , 
ОЛЫ ec 

87 tons. 


In the following specification are given particulars of a vertical 8-cylinder 
compound engine and 2,500-kilowatt three phase generator, also designed for traction 


purposes. 


Engine :— 
Diameter of high-pressure cylinder 
Diameter of low-pressure cylinders 
Stroke . 
Speed қ 
Initial steam pressure . 
Vacuum 
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42 ins. 

62 ins. and 62 ins. 

60 ins. 

75 revolutions per minute. 
150 lbs. 

25 ins. 
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Hngine—continued. 

Rated load 

Cut-off . о 

Total weight of Е ; 

Flywheel: weight, 100 tons diac 24 ft. x 261i ins. 
face. 

Diameter of bearings first and second from high-pressure 
end, 22 ins. x 86 ins.; third and fourth, 94 ins. x 
96 ins.; fifth and sixth, 32 ins. x 64 ins.; outer 
bearing, 30 ins. x 48 ins. 

DET. of shaft at flywheel and armature spider 

Diameter of crank-pins: high-pressure, 12 ins. x 19 ins.; 
first low-pressure, 16 ins. x 12 ins.; second low- 
pressure, 20 ins. X 12 ins. 

Diameter of cross-head pins . 

Diameter of piston rods 

Diameter of steam inlet 

Diameter of exhaust outlets 


Generator :— 


Rated output 

Number of phases 

Connections . 

Periodicity in cycles per second 
Speed in revolutions per minute . 
Voltage between terminals 
Voltage per phase 

Amperes per phase 

Number of poles 


Armature Iron :— 


External diameter of armature laminations . 

Diameter at the bottom of the slots 

Internal diameter of armature laminations . 

Gross length of core between flanges 

Effective length of armature core . 

Number of slots 

Number of slots per pole per base 5 

Nett weight of armature laminations after deducts 
slots . 


Armature Copper :— 

Number of conductors per slot (two in parallel) . 
Total number of conductors . 

Turns in series per phase 

Apparent cross-section of two КОЛДОП in ТІГІ 
Mean length of one turn 


Resistance of armature winding pec place аф 60 бо. Gent, 


Weight of armature copper 


Revolving Field :— 

Radial depth of the air gap at the middle of the pole are 
Pole face diameter 

Total radial length of ала соге, лыыр, pole plos 
Material of magnet core 

Material of yoke 

Polar pitch at air gap 

Length of pole are 

Weight of magnet cores ЕТАН Dale биос 

Weight of yoke (exclusive of spider) 
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4,000 I.H.-P. 
One-third stroke. 
700 tons. 


36 ins. 


12 ins. x 12 ins. 
8 ins. 

14 ins. 

24 ins. and 24 ins. 


2,500 kilowatts. 
3 

av 

25 

75 

6,500 

3,750 

222 

40 


220 ins. 
2074 ins. 
200 ins. 
22 ins. 
16:6 ins, 
240 

9 


á 


25,000 lbs. 


18 

4,320 

360 р 
0:266 ва. ins. 
97 ins. 

0:14 ohms. 
7,000 lbs. 


zs in. 

1998 ins. 
108 ins. 
Laminations 
Cast iron. 
158 ins. 

10 ins. 
19,200 lbs. 
23,000 ,, 
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Magnet Copper :— 
Number of turns per spool 
Size of conductor . : : б 
Resistance per spool at 60 degrees Cent. 
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49:5 
15 ins. x 0:17 ins. 
0:0078 ohms. 


Mean length of one field turn : 64 ins. 
Total weight of copper in forty spools . 10,000 lbs. 
Full Load Test:— 
Indieated horse-power . 3,630 
Brake horse-power 3,480 
Electrical horse-power . 8,850 
Steam per I.H.-P. 12:2 lbs. 
Steam per В.Н.-Р. ADEE то 
Steam per E.H.-P. E 


Combined efficiency. 5 : ; : с : 
Mechanical efficiency, taking generator efficiency as 
96 per cent. 5 с 3 г а 2 5 5 
Permanent variation of speed from mean between no 
load and full load 
Efficiency of Generator :-— 


92:8 per cent. 


1:5 per cent. 


At fullload . : я : : : Р : 20 8s Е, 
At three-quarter load . : Е ; 2 4 2 1495 3 
At half-load . А : : : : $ З o $B Ў 


The station should if possible be arranged so that each generating set is piped 
lirect from one boiler or battery of boilers, thus forming one complete unit. This 
nables the piping to be considerably simplified. Each unit can be operated indepen- 
lently ; the steam header can be shut off completely, or can be used to enable any 
mgine to be supplied from any boiler. This arrangement of steam piping gives good 
acilities for testing, and also provides numerous alternatives for working in the event 
f breakdown. The feed piping should be in duplicate, and all piping should have 
arge easy bends where possible, and ample provision should be made for expansion. 

The boiler plant should be arranged in units, each unit corresponding as nearly 
в possible to the requirements of one generating set. For small stations Ше 
uancashire or tubular types of boiler still hold their own, but owing to the limitations 
f size by considerations of transport, they cannot be economically installed in any 
ut the smallest power stations, as such small units in a large station would involve 
xtra capital expenditure on buildings and piping, and an increase in the working cost. 

For large installations, boilers of the water tube type are the rule, for the reason 
hat they can be built in large units, 30,000 lbs. per hour at a pressure of 150 lbs. per 
quare inch being in common use at the present time. By this means the piping can 
e simplified, and the first cost considerably reduced. Examples of this grouping 
nd of the piping thereto will be seen on referring to the descriptive portions of this 
hapter. 

The heating surface required for a steam boiler depends upon the initial and 
inal temperatures of the furnace gases and the temperature of the feed water. The 
oiler is most efficient when the furnace temperature is as high, and the final 
emperature of the gases as low, as possible, and the heating surface will transmit 
rom three to five British thermal units per hour per square foot per degree difference 
yetween the mean temperatures of gases and water, varying according to the 
ondition, both internal and external, of the tubes. 

The furnace temperature will depend upon the amount of surplus air necessary 
or combustion, whieh amount varies considerably with different grades of eoal ; 
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50 per cent. surplus air is usual for furnaces burning 24 lbs. of small coal per square | 
foot per hour, and Ше corresponding furnace temperature under these conditions will | 
be about 2, 400 degrees Е., varying with the thermal value of the fuel burned. 

The necessary о for this rate of combustion is about 2 inch of water, which | 
may be produced either by a chimney or by artificial means. | 

The most satisfactory results are obtained when the velocity of the flue gases is 
between the limits of 12 to 15 feet per second. The amount of gases to be carried 
off being known, the necessary area of the chimney can be calculated from these 
figures. 

The draught produced by a chimney depends upon its height and the temperature 
of the gases, and increases rapidly with this temperature up to about 800 degrees F., 
when the increased volume of the gases begins to counteract the effect of the increased 
draught until at about 500 degrees Е. the weight of air delivered to the furnace is a 
maximum, and for a given height of chimney the weight of air delivered will decrease 
as this temperature is exceeded. The decrease, however, is very slight up to 800 
degrees F., and as the requisite quantity of surplus air for combustion is correspondingly 
less as the rate of combustion is increased, the boiler may be forced by allowing the 
gases to escape at a high temperature, thus increasing the difference of temperature | 
between the gases and the water, and increasing the rate of evaporation to meet special | 
demands, at the expense of extra chimney losses. 

With the steam pressure at 165 lbs. absolute, which is the usual pressure adopted | 
in modern installations, it is found impracticable to reduce the temperature of the 
gases leaving the boiler to less than 500 degrees F., and it follows therefore that a 
thermal gain would result from the introduction of а feed heater or economiser, and 
the consequent reduction of the flue temperature from 500 degrees to the necessary 
chimney temperature of 800 degrees. It will be seen, too, that an additional saving 
of heat can be effected by installing forced or induced draught and reducing the 
temperature of the gases still lower by a further increase in the economiser surface, ab 
the same time reducing the height of chimney to that necessary to dissipate the 
products of combustion. 

These thermal gains, however, are not always commercial gains, and when the 
cost of economisers, flue space required, and the working cost of scraper gear and fans 
are taken into account, it will often be found better, from a commercial point of view, 
to allow the gases to escape at 500 degrees, especially when the feed-water has already | 
been heated by exhaust steam. No definite rule can be laid down as to the advantages 
or otherwise of forced draught and economisers, owing to the widely varying con- 
ditions attaching to individual installations, but it may be taken as a general rule 
that economisers and forced draught should be installed only where the price of coal 
is very high and the feed temperature very low. 

The advantages of superheating have been demonstrated and known for a con- 
siderable time, but many difficulties were encountered in adapting engines, pipes, and. 
valves so as to withstand the high temperature. These difficulties have now beer 
overcome so аз to admit of superheating up to 150 degrees Е. without any elaborate 
precautions, whilst superheating to the extent of 800 degrees Е. and over is practised 
successfully with special precautions. This degree of superheat is apparently 
sufficient to ensure dry steam at the release point, and up to this point the saving 
in steam consumption appears to be about 10 per cent. for every 100 degrees of 
superheat, and a nett saving in heat energy of 6 per cent. for every 100 degrees. 
Above 300 degrees F. the law would probably be different, and it is questionable 
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thether there would be any great advantage in working at a higher superheat. The 
gure quoted is for compound engines working at full load with cut-off about one-third 
f the stroke; with steam turbines the saving in steam consumption is about 9 per 
ent. for every 100 degrees of superheat. The question as to whether the super- 
‘eater should be separately fired or fired by hot gases from the boiler furnaces 
'epends upon the degree to which it is thought desirable to control the superheating. 
Vhen the superheater is made an adjunct of the boiler, the heat of combustion is 
tilised to the utmost, and the means of control are sufficient for all practical 
jurposes. With a steady load the superheating is fairly constant. With large boiler 
вв, the tendency is to combine the boiler and superheater and to place the super- 
neater so that the hot gases are passed through at an early stage in their course 
rom the furnaces into the flue. This ensures sufficient and regular superheating, 
hereas if placed in the boiler uptake, the temperature may fall below the temperature 
aecessary to impart the required degree of superheat and subject the superheater 
о a deposit of soot. 

_ The amount of surface required for superheaters varies according to the condition 
of the surface, but 0°75 B.Th.U. per hour may be taken as the average transference 
lor 1 square foot per degree difference of temperature between the mean steam 
temperature and the mean temperature of the hot gases. This rate of transference 
is lower than for boiler heating surface, due to the fact that the resistance to heat 
transference between two gases is higher than between gas and liquid. On the whole 
it would seem that the most economical arrangement of plant is to use superheaters 
as part of the boiler construction. 

Considerable difference of opinion exists as to the relative advantages of 
mechanical stokers and hand firing; this is a matter depending a good deal upon 
the personality of the station superintendent. With the same plant one man will 
get better results from hand firing, and another from mechanical stokers. 

Where large boiler units are to be used, mechanical stokers are almost a neces- 
sity, owing to the quantity of coal to be handled and the size of the grate. А boiler 
to evaporate 20,000 lbs. of steam per hour аба pressure of 165 lbs. absolute, would 
consume about 1 ton of coal per hour, and would require a grate area of 130 square 
feet to burn the cheaper classes of coal; a stoker would have considerable difficulty in 
reaching the far end of the furnace and in covering the surface evenly, and, moreover, 
the furnace door would need to be open a considerable proportion of the time and 
interfere seriously with the combustion. 

When mechanical stokers are used, they should be selected with great care and 
should be adapted to burn the particular class and grade of coal available. The 
troubles which have been experienced with mechanical stokers have been due to a 
neglect of the limitations of the mechanical stoker in this respect. 

We come now to the general principles affecting the condensing plant. The 
question of condensing or non-condensing does not arise in tramway or railway work, 
as the benefits to be derived from condensing are only doubtful when a plant is for 
occasional use, and not when the plant is run every day and for a considerable portion 
of each day. The type and arrangement of condensing plant, the highest vacuum 
which сап be economically obtained, and the extent to which condensing should be 
carried in any plant, are points which merit some consideration. 

The arrangement of the condensing plant may be either independent, that 
is, one condenser, air and circulating pump for each unit, or central, with a con- 
densing plant dealing with the exhaust from the whole station. The central system 
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has many advantages over the independent condensers; the plant is concentrated, 
and therefore requires less attention, and the pumping machinery has a better 
efficiency owing to the larger capacity. 

The condensers for the central system should be in duplicate, each one of half 
the capacity of the station. This arrangement enables one condensing set to be 
shut down on light loads for overhaul or repair, and, in the event of a breakdown 
on one condenser, the whole station could be run on the other on a slightly impaired 
vacuum. Mee 

Independent condensers should only be installed with large units, and when the 
output of the station is so great as to render a central condensing system unwieldy. 

The type of condenser depends entirely on the water supply. The types generall 
in use are the barometrie, the jet and the surface condenser. If the station is situated 
near an abundant supply of cold water, the surface condenser gives the best results 
The water of condensation, being free from impurities, can be pumped straight to the 
boilers without treatment, at a temperature within five degrees of that corresponding 
to the vaeuum, while the low temperature of the cooling water also reduces the 
necessary cooling surface and thus enables the surface condenser to compare 
favourably with the barometric in point of cost. 

Where water is scarce it becomes necessary to cool the circulating water by 
means of cooling towers, in which ease the inlet temperature of cooling water is some 
20 degrees F. higher than would be the case if the supply was drawn from a river 
lake, or canal. The higher temperature of the inlet water necessitates a much larger 
quantity, and to reduce this quantity to a minimum and also to increase the efficiency 
of the cooling towers it is necessary that the water should leave the condenser as nea г 
Ше temperature of Ше steam as possible. The cooling water can be discharged from 
a barometric condenser within five degrees of the steam temperature at any vacuum 
or any inlet temperature, while, to obtain the same results from a surface condenser 
with high inlet temperature, the surface would have to be increased to an amount 
altogether prohibitive. Barometric condensers are, therefore, the most economical 
where cooling towers are used, as, the discharge from the condenser being as hot as _ 
possible, less water will be required, and the efficiency of the towers will be higher 
than with surface condensers. 

In determining the cooling surface and the quantity of water required for a 
surface condensing plant for any given vacuum, the all-important factor is the 
temperature of the cooling water. The quantity of water required may be reduced 
by a proportionate increase in the cooling surface; the greater the cooling surface 
the nearer the final temperature of the water will approach the temperature of the 
steam, and the reduced working expenses must be balanced against the extra first 
cost of the condenser to arrive at the most economical arrangement. Іп practice, | 
however, it is seldom desirable to reduce the difference of temperature between the 
discharge water and steam to less than 15 degrees Е., owing to the abnormal amount 
of cooling surface which would be necessary to obtain this result. The diagram 
shown on Fig. 110 has been prepared for the purpose of determining the quantity of 
surface and water necessary for any given vacuum and inlet temperature. The 
condenser should be designed so that the speed of water through the tube reaches or 
exceeds the critical speed at which the water is broken up, and the consequent 
transference of heat reaches a maximum. ‘The speed should exceed 8 feet per 
second for tubes of 1 inch diameter. 

The diagram is based оп a heat transference of 200 B.T.U. per hour per square foot 
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t surface per degree difference of temperature for all temperatures. This figure will 
ary with the state of the surfaces and according to the amount of air present, and, 
Ithough it has been shown by tests that this figure can be exceeded, even doubled, 
he figure given may be taken as the average for condenser tubes under ordinary 
vorking conditions. 

The vacua given in the diagram refer to the steam within the condenser. The 
iresence of air in the condenser would cause the vacuum recorded оп the gauge to be 
ower than that actually due to the steam, the difference depending on the effective 
olumetrie capacity of the air-pump, so that about 97 per cent. of the vacuum given 
n the diagram would represent the gauge vacuum, the proportion varying aeeording 
о the quantity of air present. 

Of the many conditions which are inseparable from condensing propositions, the 
wo known conditions are usually the vacuum required and the temperature of 
he cooling water. 

The inlet water temperature is indicated on the left-hand side of the diagram by 
he diagonal lines ascending from left to right, and the difference of temperature 
yetween the outlet water and steam is shown by reverse diagonals. То ascertain from 
he diagram the quantity of water and surface required, follow the line corresponding 
о the known inlet temperature until the reverse diagonal corresponding to 15 degrees 
lifference of temperature is reached. From this point ascend vertically to the curve 
orresponding to the vacuum, when the water required can be read to the left of the 
liagram. From the same point (г.е., where the diagonals cross) proceed horizontally 
o the line corresponding to the vacuum at the right of the diagram, when the 
lecessary surface will be found at the bottom. It will be seen that, should the 
mount of surface thus obtained be prohibitive, it can be reduced and the quantity 
f water increased, by varying the difference of temperature and proceeding as 
efore. 

For barometric condensers, the right-hand portion of the diagram is unnecessary, 
md, as the water can always be discharged at a temperature within 5 degrees of the 
team, the necessary quantity may be found by following the line corresponding to the 
mown inlet temperature up to the diagonal corresponding to 5 degrees difference, 
iscending vertically to the vacuum curve and reading to the left. 

The difference of temperature between the steam and the outlet water in a 
arometric condenser, depends upon the extent of water surface exposed to the steam, 
ind the finer the division of water and the more efficiently the steam is mixed with it, 
he smaller will be the difference of temperature and the less water will be required. 
п the most efficient counter-current condensers, this difference сап be reduced to 
› degrees without increasing the size of the condensing chamber beyond the normal 
limensions. 

For circulating the water, there is little to choose between a reciprocating and a 
entrifugal pump. Тһе former has the advantage of greater efficiency, and the 
juantity pumped can be varied to suit the load. The latter is cheaper in first 
ost, its maintenance is practically nil, and it requires the minimum of attention. In 
he case of a barometric condenser the quantity of water thrown by the centrifugal 
)ump is to some extent dependent on the vacuum, which necessitates speed adjust- 
nent, either automatic or otherwise, to prevent the quantity of water pumped 
lecreasing whenever the vacuum falls. In spite, however, of the relatively poor 
ficiency of the centrifugal pump and the disadvantages due to the lack of positive 
etion, its use in connection with a barometric condenser is often desirable on account 
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of its simplicity, cheapness, and low upkeep, and the special features of individual casos 
must decide the type of pump which should be installed. 
The air should be extracted from the vacuum chamber by means of an air-pump) 
of which there are two types in general use, viz., the dry air-pump, which extraets the 
air only from the condenser, and the wet pump, Тар deals with the air and water 1 
one operation. The dry air-pump is usually double-acting, and the friction losses are. 
therefore, only half of those which occur in a single-acting wet air-pump, but, owing te 
clearance spaces, the efficiency of the dry air-pump falls off rapidly as the vacuum if 
increased until a point is reached at which the entire stroke of the pump is devoted te 
compressing the air into the clearance space without raising its pressure sufficiently 
to discharge it against the atmosphere; on the return stroke the air re-expands пс 
the cylinder, and no effective work is done by the pump. The air extracted from the 
condenser, being separate from the water of condensation, may be cooled on its way іс 
the pump, thereby reducing the volume to be dealt with and consequently 1 increasing! 
the effective work performed by the dry air pump. Тһе wet air-pump is usually} 
single-acting, and for that reason is made with three cylinders to increase the volumetrie 
capacity. The clearance spaces are water-sealed, and therefore the effective work 0j 
this pump only ceases when the air has been rarefied to such an extent that the 
leakages through joints, glands, ete., balance the volumetric capacity of the pump; 
The volumetric efficiency of a dry air-pump depends mainly on the proportion 0 
clearance to length of stroke, and at low vacua the loss due to clearance is compensated | 
for by its cylinders being double-acting, and its efficiency at a low vacuum is greater) 
than that of a wet air-pump, but with a high vacuum the superior volumetric efficiency 
of the wet air-pump, due to the absence of clearance spaces, considerably more tham 
compensates for the fact that its cylinders are single-acting. It may be assumec 
therefore that the higher the vacuum the greater the advantage of the wet over th 
dry air-pump, but the point at which this advantage begins depends on the extent 0: 
clearance in the dry air- pump. | 
If a wet pump is used іп connection with a barometric condenser, cold water 
should be admitted to the suction in sufficient quantity to fill the clearance spaces’) 
while in the case of a dry air-pump operating with a surface condenser an additiona | 
small pump is necessary to remove the water of condensation. | 
The air which has to be removed from the condenser is due largely to the air 
pumped into the boiler with the feed water, and to leakage in the engine stuffing boxes 
and at the various joints in the piping and vessels in which the vacuum is maintained? 
The presence of air tends to raise the pressure within the condenser, directly by 
reason of its own pressure being added to that of the steam and indirectly by retarding 
the transference ot heat from the steam to the water. ‘The reduction in the rate ol 
heat transference due to the latter, necessitates a greater difference of temperature 
between the steam and water in order to condense the same amount of steam, and the 
temperature, and consequently the pressure, of the steam will therefore be raised unti: 
the difference of temperature is sufficient to transfer the necessary amount of hea 
against the resistance to heat transference due to accumulation of air. 1 
The quantity of air thus admitted into the condensing system varies greatly with 
different installations, and is much larger with reciprocating engines than with turbines, 
and the volumetric capacity of the air-pump must depend upon the quantity of 
air to be dealt with and the extent to which it is expanded. Ав the degree of aim 
expansion is increased, and the air pressure reduced, the gauge vacuum will approach) 
nearer to the vacuum corresponding to the steam temperature, but as finality in this) 
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respect can never be reached, it becomes necessary to limit Ше vacuum efficiency, i.e., 
the ratio of gauge vacuum to that corresponding to steam, to a figure which can be 
obtained with an air-pump of reasonable dimensions. 

It will be seen that the quantity of air admitted must be assumed, but various 
trials of existing installations have shown that an effective air-pump displacement of 
1 cubic ft. per pound of steam condensed will give a vacuum efficiency of 98 per cent. 
while maintaining a gauge vacuum of 28 ins. of mercury. The above figures 
indicate that the amount of air admitted to the condensing system under the conditions 
mentioned, is about 0°02 cubic ft. at atmospheric pressure for every pound of steam 
condensed, and if the air-pump displacement is assumed as above, the vacuum 
efficiency will vary with the extent of air leakage. 

It would appear at first sight that the barometric condenser would require an air- 
pump with a larger capacity than would be necessary for a surface condenser, but 
experience has shown that the air brought into the condenser by the cooling water is 
carried away down the barometric pipe by the velocity of the water itself; in fact, with 
the requisite supply of cooling water, a vacuum of 28 ins. can be maintained in a 
barometric condenser working without an air-pump. The air-pump proposition is 
therefore the same for both surface and barometric condensers. 

Given equal conditions, the economical vacuum is much higher for a steam turbine 
than for a reciprocating engine, the economy in steam due to increased vacuum for 
the former being about three times as great as the steam economy of a modern 
reciprocating engine. This is partly accounted for by the leakage past the piston 
and valves of a reciprocating engine, and also cylinder condensation, increasing with 
the vacuum, while a steam turbine has no source of leakage which cannot be 
water-sealed. 

With large units, the steam consumption is reduced by about 1 lb. per kilowatt- 
hour for turbines and by about 0°35 Ibs. per k.w.h. for modern compound reciprocating 
engines for every inch increase in vacuum between 24 in. and 29 in. 

The economical vacuum is reached when the extra saving in steam due to any 
extra increase in vacuum is balanced by the cost of producing this increase, and as 
the quantity of water required for this purpose increases greatly with the inlet 
temperature, it follows that the chief factor in determining the economical vacuum is 
generally the temperature of the circulating water. ‘There are so many conditions 
which indirectly bear on this question that it is impossible to lay down any definite 
rule applying to all cases, and in determining the most suitable vacuum the special 
features relating to each installation must be considered. 

The extent to which condensing should be carried is also affected by the desirability 
of not unduly reducing the temperature of the hot well, which in a properly propor- 
tioned condenser with an air-pump of ample displacement, will not differ materially 
from the temperature corresponding to the vacuum, and a portion of the plant should 
be run non-condensing in order to provide sufficient exhaust steam to raise the tempera- 
ture of the feed water from the hot-well temperature to 212 degrees F., that is to say, 
to the highest possible temperature at atmospheric pressure. Where the plant consists 
of a few large units, it is impracticable to apply this principle to the main plant, as 
the exhaust from one unit would be far in excess of the quantity necessary for 
feed water. heating, and the loss of power due to atmospheric working would 
outweigh the benefits derived from raising the feed water temperature. There 
remains, however, the auxiliary plant, consisting of feed-pumps, air and circulating 
pumps, and, in the case of alternating current stations, exciter engines, and as 
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many of these auxiliaries should be steam-driven as will provide, with a margin 
for contingencies, sufficient exhaust steam to raise the temperature of the condensed 
water from the main plant, together with the make-up water, to 212 degrees Е. 


The proportion of plant which should be used for this purpose will, of course, vary | 
with the relative steam consumption of the main and auxiliary plants, but speaking | 
generally, 1 ich.-p. of auxiliary engines will be required to deal with the condensed | 


water of 16 ih.-p. of main plant when the vacuum is 26 ins., and for 14°5 i.h.-p. 
with the vacuum at 28 ins. 


At 212 degrees Е. any scale-forming substance in the make-up water is deposited, | 


hence the heater should take the form of a heater detartariser, in which the deposits can 


be conveniently dealt with, and in which the steam mingles with the water, and so | 
ensures the maximum transference of heat. In view of the advantages derived by the | 
scale being formed outside instead of inside the boiler, it is important that the feed | 


water should be kept up to the atmospheric boiling point, and if, as is often the case, 


the exhaust from the whole of the auxiliary plant is insufficient for this purpose, live | 


steam should be introduced into the heater in suffieient quantity to impart the 
necessary heat to the water. 

There are many varieties of apparatus in use for cooling the circulating water, all 
of which depend for their action upon the contact of water and air in motion. The 


apparatus which is mostly favoured, and which is generally found to be the most con- | 
venient and suitable for ordinary installations, is the cooling tower, in which the water | 


is pumped to a height of about 30 or 40 ft., and allowed to fall in drops, or in a film, 
over suitably disposed surfaces, the heat being extracted by the ascending current of 


air, the volume of which is dependent on the area of, and draught produced by, a _ 


chimney about 60 ft. in height. 


The temperature and humidity of the air entering and leaving the tower, and the | 
temperature of the inlet and outlet water, are the conditions which determine the 
necessary water surface and the height of chimney, and ав the former varies greatly | 


in different seasons and localities, the cooling plant should be designed on a very 
liberal basis, and to meet the worst possible eonditions. 


Heat is transferred from the water to the air by radiation, which raises the | 
temperature of the air, and by evaporation, the latent heat for which is extracted from | 
the remaining water. The transference due to radiation may be taken as (8 B.Th.U. | 
per hour per square foot of water surface per degree Е. of mean difference of | 
temperature between water and air, at a relative air and water velocity of 6 ft. per | 


second, and this transference varies as the square root of the velocity. The heat 


given up by the water for evaporation, however, varies with the humidity and | 


temperature of the air entering and leaving the cooling tower. The air on leaving 


the water is usually saturated to about 90 per cent. of the maximum saturation due to | 


its temperature, and as the water necessary for completely saturating the air inereases 


greatly as the temperature rises, it follows that the higher the outlet temperature of | 


the air the greater the amount of heat transferred by evaporation for a given inlet 
temperature and humidity. On theother hand, the higher the outlet temperature of the 
air, the greater will be the amount of water surface necessary for radiating the balance 
of the heat to be transferred. A difference of temperature of 10 to 20 degrees 
between the outgoing air and the incoming water will be found to give an amount 
of surface which can be contained in a tower of reasonable dimensions. Тһе outlet 
temperature of the air may be fixed by assuming a difference as above, and thus the 
amount of heat extracted from the water for 90 per cent. saturation of air at this 
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Fig. 110. DIAGRAM FOR ESTIMATING CONDENSER CAPACITIES. 
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| temperature may be ascertained, so that if this amount is added to the heat taken to 
| raise the air temperature, and the sum divided into the total heat to be extracted, the 
| total amount of air required is the result. Accepting 60 ft. as the height of chimney, 
Гапа the density and volume of air required being known, the velocity of air and conse- 
_ quent area of chimney may be found by the application of well-known rules, and the 
| airways through the water surfaces should total rather more than the area of the 
| chimney in order to avoid excessive resistance. Тһе necessary surface can now 


be ascertained by applying the figure given above for transference of heat by 


| radiation. 


It may happen that, owing to the low inlet temperature of the water to be cooled 


| and the high prevailing atmospheric temperature and humidity, the necessary amount of 


water surface will be so great that the first cost and ground area required will render 


| the size of tower thus obtained prohibitive. It will be seen that the cooling surface 


may be reduced by increasing the difference of temperature between the outlet air and 


inlet water, but as this means a greater volume of air, and as the lower air temperature 


will reduce the draught produced by the chimney, it follows that the chimney height 


| must be greatly increased, or that the air must be forced through the tower by fans. 
| I will be found impracticable to produce the desired result by increasing the height 


of chimney, and as the power consumed by fans is seldom justified by results, the 
vaeuum should be reduced, and the consequent temperature of the water and the 
efficiency of the tower increased until the necessary size of tower is reduced to 
the proportions at which the first cost is justified by the saving in coal due 
to the resulting vacuum. 

lf the water passes in a film over plates or pipes, the amount of exposed water 
surface is, of course, equal to the total area over which it travels, but where the water 
is allowed to fall in drops, the tower should be designed so as to ensure that the water 
is divided up as finely as possible, and for proportioning the surface under such 
conditions i& may be assumed that 300 gallons of water will expose 100 sq. ft. of 
surface when falling through a height of 32 ft. in the finest possible state of: 
division. | 

Having outlined the principles affecting the generating station equipment, the 
design of the individual apparatus, and their combination, these principles are 
best illustrated by reference to plants in actual operation, and we select for this 
purpose the following stations as being representative of large tramway and railway 
generating plants which have proved very successful from every point of view. 
The conditions to be met in each case are sufficiently divergent to illustrate the 
application of the principles set forth in the early part of this chapter. The 


plants we select for our purpose are those of the Central London Railway Co., 


the Glasgow Corporation tramways, the Bristol tramways, and the Dublin United 
tramways. 

A special feature of the Central London Railway is the use of cooling towers for 
dealing with the circulating water for condensing. In the case of the Bristol tram- 
ways plant, owing to the limited space, the plant is arranged in storeys. In the case 
of the Glasgow Corporation tramways and the Dublin United tramways the 
conditions to be met are not exceptional, and the installations may be taken as 
representative of their class. 

Taking first the Central London Railway, the power-house (Figs. 111 and 112) 
is situated at the Shepherd’s Bush terminus of the Central London Railway. The 
building consists of a framing of steel work which supports the crane girders, coal 
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bunkers, and roof trusses, the framework being filled in with brick walls 1 ft. 104 ins. “4 
thick. Тһе floors of both engine and boiler rooms are constructed of steel joists filled 


CENTRAL LONDON RAILWAY: PLAN OF POWER STATION. 


Fig. 111. 


in with concrete, and the roofs consist of boarding supported on wood purlins, the 
whole being covered with slates. 
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Coal is brought on to the site by a siding from the Great Western and London 
and North-Western Railways, and is dumped from the trucks into a hopper situated at 
the end of the boiler room. The coal is fed from this hopper into a gravity bucket 
conveyer, which passes along the boiler room basement, up the end walls, and over 
the boiler room coal bunkers, from which the coal is supplied to the automatic 
stokers as required, by means of spouts. 

The boilers are arranged in eight batteries of two boilers each, four batteries 
being on each side of the boiler room, and the firing floor in the centre. 

The steam piping is arranged so that each battery of two boilers can supply one 
engine direct through an 8-in. pipe, and a branch is taken from each of these 
pipes into a 12-1. header, so that, if necessary, any engine may be supplied 
from any battery. 

Two lines of standard-gauge railway track are laid in the boiler room basement, 
and the ashes are run direct into trucks, which, after passing through a tunnel 
under the outside hopper, are hauled up an incline of about 1 in 24 to the general 
yard level. 

The main flues are situated at the back of the boilers in the basement, and a 
fuel economiser is inserted in each flue, a by-pass being provided so that either flue 
may be turned through either economiser into either chimney. There are two brick 
chimneys, octagonal in shape, situated about 90 ft. from the end of the boiler 
room, and 44 ft. apart, and the firebrick lining in each 18 carried to a height 
of 40 ft. Тһе economiser scraper gear and motors for driving same are situated 
in a chamber above the economisers and flues, between the boiler room and the 
chimneys, and at the level of the boiler room firing floor. 

The main generating sets are arranged three on each side of the engine room, 
leaving a clear floor space of 10 ft. in the centre of the engine room. The exhaust 
from the main engines is taken through 18-in. branches into a main 42-in. 
pipe, which passes along the centre of the engine room basement to the end of the 
engine room. It is then taken upwards to a height of 16 ft. above the engine 
room floor level, where, by means of a 42-in. tee piece, the exhaust steam is turned 
either right or left into duplicate oil separators and condensers. А 24-in. pipe 
provided with an automatic relief valve is taken from the top of the tee piece and 
continued up the engine room end wall above the roof to the atmosphere. 

The circulating water is drawn from three tanks, 23 ft. in diameter and 20 ft. 
deep, by three triple expansion pumps, the water being pumped into the bottom of 
either or both condensers. After passing twice through the condenser the water 
passes to the cooling towers and finally reaches the suction tanks. 

The Edwards air-pumps are situated at the end of the engine room, and dis- 
charge the water of condensation into a tank of 1,580 gallons capacity, from which the 
boiler feed-pumps draw their supply through a Venturi water meter. The make-up 
feed water is drawn from the circulating water on the discharge side of the con- 
densers, and the make-up for the circulating water is discharged into the cooling 
tower tank from an artesian well, the air compressor for this purpose being situated 
in the basement of the engine room. 

The oil is drawn from the separators by means of small oil pumps fixed to the 
end of the air-pumps and operated from the end of the air-pump crank shaft. 

Table ХХХУд. contains a schedule of the type and capacity of the plant installed. 
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TABLE XXXVA. 


Schedule of Type and Capacity of Plant Installed at the Central London Railway 
Generating Station. 


Item. Number. Type. Size and Rating. Remarks. 

Main engines 6 Horizontal cross | Cylinders 28 ins. | Steam consumption 
compound соп-| and 46 ins.in dia- on full load, 148 
densing, Corliss} meter x 48 ins. lbs. of saturated 
gear, 94 revolu-| stroke, 1,250] steam, 150 Ibs. 
tions per minute HES pressure, and 26 

ins. vacuum. 

Main generators 6 Three - phase re- | Full load, 850 kilo- | Efficiency аб full 
volving field type, | watts load 95 per cent., 
5,000 volts, 25 | at half-load 91 per 
eycles per second | cent. 

Exciter engines . 3 Vertical tandem | Cylinders 92 ins. Х 
compound, 400| 15 ins. diameter X 
revolutions per | 6 ins. stroke, (5 | 
minute : I.H.-P. 

Exciter generators 8 125-volt . Full load, 50 kilo- 

watts 

Exciter motor 1 Induction type, | Fullload, 200 H.-P. 
5,000 volts, 290 
revolutions рег | 
minute 

Exciter generator 1 125-volt . Full load, 120 kilo- 

} watts 

Lighting engines 2 Vertical compound, | Cylinders 8 ins. and 
400revolutionsper| 14 ins. diameter | 
minute х 7 ins. stroke, | 

75 І.Н.-Р. 

Lighting generators . 2 Continuous current, | Full load, 300 kilo- 
500 volts watts 

Transformers 3 Three - phase, air- | Full load, 300 kilo- 
cooled, 5,000 volts | watts 
to 800 volts | 

Rotary converter 1 Three - phase, 800 | Full load, 900 kilo- | 
volts A.C. to 500| watts 
volts О.С. | 

Condensers 2 Vertical, open top | Cooling surface, 
surface condensers | 9,000 sq. ft.; capa- | 

city, 80,000 lbs. of | 
steam рег hour | 

Air-pumps 2 Edwards, three- | Cylinders 22 ins. | Driven by 85-Н.-Р. 
throw, 180 revolu- | diameter x 16113. О.О. motor. 
tions per minute stroke 

Circulating pumps 3 Worthington triple | Steam cylinders 
expansion 6 ins. and 9 ins. | 

and 16 ins. dia- | 
meter x 15 ins. | 
stroke; water 
cylinders, 20 ins. 
diameter Х 15 ins. 
stroke 

Cooling towers . 4 Barnard Wheeler, -- Fans driven by 35- 
with one pair of H.-P. engines at 
fans to each 180 revolutions per 

minute. 

Cooling towers . 2 Klein towers . 5 = 

Boilers 16 Babcock and Wil- | Heating surface, 


сох 


3,580 sq. ft. to 
evaporate 12,000 
lbs. of steam per 
hour at 160 lbs. 
pressure 
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TABLE XX XVA.—continued. 


Item. Number. Type. Size and Rating. Remarks, 


Stokers . : 5 : 16 Viekers . : . Grate area, 90 sq.ft. | Driven by two 94- 
H.-P. tandem сош- 
pound engines. 
Eeonomisers . с с 2 Green’s patent . | 768 tubes : .| Serapers driven by 
two 5-H.-P. motors. | 
Feed-pumps . : : 8 Direct-acting duplex Steam cylinders, 
12 ins. and 18 ins. 
diameter x 15 ins. 
stroke; 16,000 
gallons each per 
hour against 160 
lbs. pressure per 
square inch 


Water tanks . ; : 2 — 20,000 gallons each 
Coal conveyer . 5 : 1 Gravity bucket 60 tons per hour . | Driven by 8-Н.-Р. 
motor. 


Coal bunkers . . я — 1,000 tons capacity 


Coming next to the generating station of the Glasgow Corporation tramways, 
shown on Figs. 118 and 114, the generating station is situated in the northern district 
of the city, on the north bank of the Forth and Clyde Canal. The Caledonian and 
North British Railway Companies have sidings running over the outer storage hoppers. 

The building consists of a framing of steel work supporting the coal hoppers and 
conveyer, main flues, and economisers, crane runway girders, and roof trusses, and | 
enclosed with brick walls. 

The firebrick lining in the chimneys is carried to a height of 150 ft., and varies 
in thickness from 18 ins. to 9 ins. 

The engine house and boiler house floors are constructed of rolled steel beams 
filled in with concrete. 

The main flues are supported on girders above the boilers, and enter the stacks 
at a height of 80 ft. above the boiler house floor. 

They are constructed of 3-in. plating stiffened by steel angles. Branches con- 
structed in the same manner are taken off to the economisers, which are fixed above 
the main flue, a separate connection being made to the stacks; dampers are 
arranged so that the economisers may be bye-passed when necessary. The uptakes 
,from the boilers to the flues are made of }-in. plate. 

The outside coal-handling arrangement consists of a bunker structure with two 
dumping tracks and eight hoppers for the high level line, and two dumping hoppers 
for the low level line. In addition to the coal dumping tracks on the high level line, 
a third track is laid between these two tracks to serve as a siding and for carrying the 
ashes from the ash shute outside the boiler house wall. 

The inside coal bunkers are arranged in the centre of the boiler house, and 
extend the full length of the boiler batteries. The side plating is } in. thick, and 
the bottom plating forming the hoppers is 3 in. thick. A bulkhead is arranged in the 
bunkers between each battery of boilers, the sides and bulkheads have stiffeners 
riveted to the plating 8 ft. apart, and each hopper is arranged with a 16-in. opening 
and valve at the bottom. 

The coal runs through valves provided in the hoppers of the outer bunkers 
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Fig. 113. GLASGOW Corporation TRAMWAYS: PLAN оғ POWER STATION. 
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the conveyer filler below, and is conveyed to the bunkers above the boilers, dumping 
levers being provided over each bunker, so that the buckets may be tipped at any 
one of these. 
Travelling ash fillers are provided in the basement, so that ashes may be run 
om the boiler ash-pits into the conveyer and transferred to the ash bunker at the 
end of the boiler house. This is periodically emptied by running the ashes through 
the spout into wagons on the siding outside the boiler house. 
Below the valve of the overhead bunkers are fixed hoppers of the self-contained 
rolley type, with shutes, and provided with a weighing scale. At the bottom of the 


— 


2 
9 


Ф 


) 


Fig. 114. GLASGOW CORPORATION TRAMWAYS: ŪROSS-SECTION OF POWER STATION. 


hute is provided a balanced valve operated by a lever from the boiler house floor 
evel, and from these shutes the coal is delivered into the stoker hoppers. 

The water supply for feed purposes is obtained from the Corporation mains 
hrough storage tanks, placed on girders between the stacks, the make-up water being 
upplied from these tanks through ball valves in the hot wells. The feed-pumps take 
heir supply from the hot wells and deliver into a header in the engine house base- 

ent, which is connected up to each boiler feed ring, directly and also through the 
eonomisers. Each of the pump delivery branehes to this header is provided with 
ne feed-water filter (capacity 15,000 gallons per hour) and one water meter so 
rranged that either or both may be bye-passed. 

The boilers are arranged in eight batteries of two boilers each. 

The main steam piping consists of one main header, 16 ins. diameter, divided 

to two parts by means of expansion bends, which are provided with valves on each 

ide for cutting off the steam. Each of the main parts of the header is further 

ivided by 16-in. valves into two sections. Hach of these four sections is connected 

о two batteries of boilers by two 9-in. pipes with 7-in. branches, and to one of the 

in engines by one 14-in. pipe for each of Nos. 1 and 2 engines, and a 15-in. pipe for 
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each of Nos. 8 and 4 engines. By this arrangement it is possible to supply steam 
from two boilers directly to the corresponding engine, or the header may be used in 
common by the boilers and engines. 

The auxiliary steam piping consists of a main range 10 ins. diameter con- 
nected to each end of the main steam header, and forming with it a complete ring; 
branches 7 ins. diameter are provided for the auxiliary engines, 33 ins. diameter 
for the exciter engines, and 23 ins. diameter for the boiler feed-pumps. 

The exhaust piping between each main engine and its condenser, consists of two 
24-in. vertical pipes, with bends bolted up to the exhaust branches on the two low- 
pressure cylinders of the engines, these two pipes being connected by means of bends 
and tees into a 30-in. pipe carried to the condenser; connection is also made 
through a stop valve and an automatic relief valve to the atmospheric exhaust pipe, 
which varies in diameter from 34 to 40 ins. 

The auxiliary exhaust piping consists of one main range, 18 ins. diameter, 
connected up to the main exhaust piping through an 18-in. stop valve and automatic 
relief valve by a reducing pipe 18 ins. to 34 ins. diameter. 

Between exciters 4 and 5 the diameter of the piping is reduced to 8 ins. 
diameter. Branches 14 ins. diameter are provided for the exciter engines, and 
3 ins. diameter for the feed-pumps. 

The air-pump discharge piping consists of a 14-in. main range running between 
the air-pumps and the hot wells, with 10-in. branehes to the main air-pumps, 
8-in. to the auxiliary pump, and 14 ins. diameter to the hot wells. 

The suction piping from the canal to each main cireulating pump is 15 ins., 
and for the auxiliary pump 10 ins. diameter, provided with foot valves and strainers at 
the canal intake. 

The main discharge varies from 24 ins. to 80 ins. diameter, with 15-in. brandi to 
the main condenser and 10-in. to the auxiliary condenser. 

Blow-down piping from the boilers and economisers, drain piping from the tanks, 
hot wells, etc., are also provided, together with the piping and steam traps for efficiently 
draining the main and auxiliary steam piping. 

The switch gear is designed to control the operation of four three-phase generators, 
together with the exciters, and for the distribution to five sub-stations of the following 
capacities :—2,500, 2,000, 1,500, 3,500, and 2,500 kilowatts. 

The sizes and types of the various items of plant are given in Table ХХХУв. 

| Тлвге ХХХУв. 
Schedule of Type and Capacity of Plant Installed at the Generating Station of the 
Glasgow Corporation Tramways. 


Item. Number. Type. Size and Rating. Remarks. 


Маш engines . В я 2 Vertical three- | Cylinders 42 ins. 
| cylinder сош- and 60 ins. and 
| pound condensing, | 60 ins. x 60 ins. 
75 revolutions per| stroke ; full load, 
| minute 4,000 Т.Н.-Р. 
Main engines . : * 2 Ditto ditto . | Cylinders, 42 ins. 
| and 62 ins. and 
| | 62 ins. х 60 ins. 
| p aR load, 
| 4,000 I.H.- 
Main generators : : 4 Three-phase revolv- | Fullload, 2 500 kilo- 
| ing field type, | watts. 
| 6,500 volts, 95 
cycles per second. 4 
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Item. Number. Type. Size and Rating. Remarks. 

Auxiliary engines 2 Vertical cross com- | Cylinders 22 ins. 
pound condensing, | and 44 ins. dia- 

Corliss gear, 90| meter x 42 ins. 
revolutions per| stroke; full load, 
minute 800 I.H.-P. 
Auxiliary generators . а Continuous-current | Full load, 600 КПо- 
: compound-wound, | watts 
: 500 to 550 volts 

Exciter engines . 2 Vertical compound | Cylinders 11 ins. 
condensing, 300| and 19 ins. dia- 
revolutions рег) meter x 8 ins. 
minute stroke; full load, 

85 I.H.-P. 

Exciter generators 2 Shunt-wound . Full load, 50 kilo- 

watts 

Main condensers 4 Horizontal type sur- | Cooling surface, 
face condensers. 7,000 sq. ft. ; capa- 

city, 60,000 lbs. of 
steam per hour 

Main circulating pumps 4 Centrifugal 240,000 gallons of| Driven by 55-H..P 

water per hour motor. 

Main air-pumps 4 Edwards, three-| Cylinders 16 ins.| Driven by 27-H.-P. 
throw, 150 revolu- | diameter, 12 ins.| motor. 
tions per minute Stroke; capacity, 

60,000 lbs. of con- 
densed water per 
hour 

Auxiliary condenser . 1 Horizontaltypesur-| Cooling surface, 
face condenser 2,800 sq. ft. ; capa- 

city, 24,000 lbs. of 
steam per hour 

Auxiliary circulating pump 1 Centrifugal 96,000 gallons of Driven by 25-H.-P. 

water per hour motor. 

Auxiliary air-pump 1 Edwards, three-| Cylinders 11 ins.| Driven by 12-H.-P. 
throw, 150 revolu- | diameter, 9 ins.| motor. 
tions per minute stroke; capacity, 

24,000 lbs. of соп- 
densed water per 
hour 

Boilers 16 Babeoek and Wil-| Heating surface, 
cox 5,178 sq. ft. ; super- 

heater surface, 452 

sq. ft.; capacity, 

20,000 lbs. of steam 

per hour at 160 lbs. 
: pressure 

Stokers 16 Babcock and Wil- | Grate area, 76 sq. №. | Driven by four 
cox chain grate motors of 12-H.-P. 

Economisers 2 — Capacity of each, 

12,000 gallons per 
hour, raised from 
90° to 160° Е. 

Feed-pumps 4 Three-throw single- | Plungers, 6 ins. 
acting, 45 revolu- | diameter; сара- 
tions per minute city, 8,000 gallons 

of water per hour, 
against 180 Ibs. 
pressure 

Water tanks ` 2 = Capacity of each, 

18,000 gallons 
Coal conveyers . 2 Gravity bucket | Capacity, 50 tons 


Coal bunkers 


Туре 


per hour each 


| Capacity, 5,400 tons 
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We shall next describe the power station of the Bristol tramways (Fig.115). Th 
is interesting partly because it is built in storeys owing to the limitations of the grour 
at disposal. 

The power house is situated at approximately the centre of the tramway systen 
The site adjoins the Floating Harbour and St. Philip’s Street. An ample supply ‹ 
condensing water can be obtained, and the facilities for the delivery of coal by mear 
of barges are satisfactory. 

Owing to the limited space, it was found necessary to arrange the boiler гоо 
above the engine room, and the concentration of the loads on a small area whic 
resulted from this arrangement, together with the unsatisfactory nature of the soi 
necessitated special precautions in designing the foundations. 

The whole of the framing and walls of the power house, together with the stacl 
coal storage tank, and harbour wall, are supported on pitch pine piles 12 ins. to 14 in 
square, and about 80 ft. long. 

The main columns are built up of Z bars and plates, the overall dimensions bein 
20 ins. X 15 ins., and the sectional area 80 sq. ins. 

Brackets are provided at a height of 36 ft. for supporting the crane runway girder: 

The boiler house floor is at a height of 44 ft. above the engine room floor, and : 
carried by rolled beams supported by girders 5 ft. 6 ins. deep with flanges 16 ins. ; 
2 ins., which in turn are supported on the main columns. 

At the boiler house floor the dimensions of the main columns are 124 ins. x 104 in 
and 25 sq. ins. area. These serve to support the main girders (5 ft. deep, flange 
16 ins. x 14 ins.) carrying the coal bunkers, water tanks, flue, and economiser. Th 
main columns for supporting the roof above this level are of 9 ins. x 41 ins. I seetior 

The coal bunkers are constructed with sides of 4-inch plating with stiffeners 3 Й 
apart. The bottom plating forming the hoppers is 2 in. thick. А 16-in. opening i 
provided to each hopper, to which is fixed a balanced valve. The coal storage tan! 
consists of a circular shell of steel plating, the bottom being funnel-shaped and provide 
with an opening and valve. 

The stack is constructed of steel plating varying in thickness from 2 in. to 1 in 
The diameter at the top is 10 ft. 9 ins.; this increases gradually to 14 ft. at 25 ft 
from the base; from this point it flares out to 20 ft. at the base. 

The lining of firebrick varies in thickness from 9 ins. to 43 ins., the bricks bein; 
specially made to the radius required. 

The plating is riveted at the bottom to the cast iron base, which is anchorec 
down to the brick base by means of eight 2}-in. bolts. This brick base is 60 ft. high 
and contains the stairway for giving access to the boiler house. 

The flue, which enters the steel stack at a height of 12 ft. from the base plate, i 
constructed of steel plating 4 in. thick, stiffened by steel angles, and lined through 
out with firebrick. The economiser is fixed at the side of the flue near the stack end 
and dampers are provided so that the economiser may be cut out of service for repairs 

The coal is hoisted from the barges by means of the Hunt automatie shovel, int 
the Avery weigher at the top of the outside storage tank, into which it drops after th 
weight has been automatically recorded. The bottom of this tank is of a funnel shape 
a valve being provided at the opening to regulate the flow of coal into the filler of the 
Hunt conveyer, which transfers the coal to the bunkers above the boilers. The сопхеуе! 
returns through a trough below the boiler house floor, and openings are providec 
through which the ashes may be shovelled into the conveyer for conveyance to the ask 
tank, above which the buckets pass on their return to the coal filler below the storage 
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tank. The conveyer thus serves both purposes at the same time. The ash tank is pro- 
vided with a valve and spout, by means of which the ashes can be run out into barges’ 

The water supply for feed purposes is obtained from the city mains.  Owing tc 
its hardness, a water softener was installed to obviate boiler troubles due to deposit ini 
the tubes. | 

The feed-pumps take their supply of water from the storage tanks above, and 
deliver through the economiser into a duplicate system of piping provided with: 
branches to each of the boilers. 

The boilers are arranged in four batteries of two boilers each. Steam is conveyed 
directly from each battery to the main header in the engine room, from which there 
is a branch to each engine. This header is divided by a valve into two sections. There 
is in addition a duplicate header in the boiler room to which each battery is 
connected, and by means of which it is possible to supply steam from any of the 
boilers, whilst part of the engine room header may be out of service for repairs. | 

A connection is made to each end of Ше engine room header for a supply to Ше 
auxiliary plant.. This forms a ring system, so that steam may be taken from either end: 
of the header. 

The exhaust piping is so arranged that any of the engines can exhaust to either 
condenser, and as one condenser, with its circulating pump and air-pump, is capable 
of dealing with the total load, repairs can always be effected without exhausting to the 
atmosphere. 

The air-pumps deliver into a hot well in the basement, from which the water is 
drawn by the three-throw pumps and forced through Railton and Campbell filters up 
to the storage tanks. The additional water required to make up losses, etc., is supplied: 
from the water softener through a ball valve in the hot well. | 

The steam piping, ейс., is all drained in an efficient manner by means of Geipel 
steam traps, the condensed water being led away to the hot well. 

The switchboard is situated on a gallery at the end of the engine room at a height 
of 12 ft. from the floor. 


The schedule in Table XXXVo. contains types and sizes of plant installed in this 
station. 
TABLE ХХХҮо. 


Schedule of Type and Capacity of Plant Installed at the British Tramways Generating 


Station. 
ltem. Number. Type. Size and Rating. Remarks. 
Main engines . i ; + Vertical eross-com- | Cylinders 22 ins. 


pound condensing, | and 44 ins. dia- 
Corliss gear, 90| meter x 42 ins. 
revolutions per | stroke, 800І.Н.-Р. 


minute 
Main generators s Р 4 Continuous current | Full load, 550 kilo- | Efficiency: full 
- compound-wound,| watts; overload, | load, 94:5 рег cent.; 
500-550 volts 25 per cent. for | half-load, 94 per 
2 hours cent. ; quarter-load, 
| 91 per cent. 
Auxiliary engines — . : 2 Vertical compound, | Full load, 75 I.H.-P. 
400 revolutions 
per minute 
Auxiliary generators a rm Continuous current | Full load, 50 kilo- 


compound-wound, | watts 
500-550 volts 
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TABLE XXX Vo.—continued. 


Item. Number, Type. | Size and Rating. Remarks, 
Motor generators 3 Motor 500-х01% 50 kilowatts. 
shunt -wound| 
Generator, series 
wound 
¦ Condensers 2 Horizontaltype sur- | Cooling surface, 
| face condensers 3,200 | sq. ft. 
Air-pumps . 2 Vertieal twin type | Steam cylinders 
: 74 ins. diameter 
by 8 ins. stroke ; 
pump cylinders 
174 ins. diameter 
Circulating pumps 2 Centrifugal - Driven by 29-H.-P. 
| motors. 
Lift pumps 2 Three-throw, single-| Plungers, 61 ins. | Driven by 15-H.-P. 
1 acting diameter, 8 ins. | motors. 
4 stroke 
| Boilers 8 Babcock and Wil-| Heating surface, 
cox : 3,140 sq. ft. ; 8,250 
Ibs. of steam per 
hour at 150 lbs. 
pressure 
Stokers 8 Vickers type .| Grate area, 45 sq. ft. 
Economiser 1 Green's patent . 360 tubes 
Feed-pumps 3 Vertical compound | Steam cylinders 
duplex 5 ins. and 10 ins. ; 
m water cylinders 
4 5 ins. diameter x 
10 ins. stroke 
Water tanks 9 — | 6,000 gallons each 
_ Water softener . 1 Tyacke patent . 8,000 gallons рег 
| hour 
Coal conveyer . al Gravity bucket type | 60 tons per hour . Driven by 15-Н.-Р. 
Е motor. 
| Coal hoist . il Hunt automatie|60 tons per hour. 
| \ shovel 
Coal bunkers. 5 2 — — 800 tons capacity. 
We shall now describe the power station of the Dublin United Tramways, 


illustrated in Figs. 116, 117 and 118. 


The generating station is situated at Ringsend, adjacent to the Grand Canal 
Dock, and is built upon hard gravel and blue clay. The building is composed of a 
‘steel framework, enclosed with brickwork, and rests on heavy concrete foundations. 
Two main bays, one housing the boilers and coal storage, and the other containing 
the generating and distributing machinery, are separated by a party wall, the engine 
room being 80 ft. and the boiler room 76 ft. wide. The entire building is above 
ground, the engine room floor level being 123 ft. above the general ground level, thus 
ensuring ample light and ventilation. 

The coal is taken from barges at the quay side by a grab suspended from a А 
tower. The grab, which holds one ton, lifts the coal and drops it into a small truck, 
which, after being automatically weighed, travels down an incline, and dumps the coal 
at a predetermined point into the coal store, of 800 tons capacity, adjoining the end 
‘of the boiler room. From this store the coal drops into a gravity bucket conveyer, 
and is delivered to the coal bunkers, of 1,200 tons capacity, situated above the central 
“space between the two ranges of boilers. Тһе whole series of operations is automatic, 
and a minimum of attention is required. 
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Fig. 116. DUBLIN UNITED Tramways: CRoss-sEOTION OF POWER STATION. 
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Fig. 117. ARRANGEMENT OF BOILER PLANT OF DUBLIN UNITED TRAMWAYS GENERATING STATION. 
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Fig. 118. PLAN оғ Ехотхе Room or DUBLIN UNITED TRAMWAYS GENERATING STATION. 


T t 
| 
? 
" 
4, 
E 
5 
‘ 


DI 


UME ELECTRICAL TOWER GENERATING PLANT 


The boilers are arranged in six batteries of two boilers each, three batteries being 
ranged on each side of the boiler room. They are of the Babcock and Wilcox water 
tube type, with steam and water drums 36 ins. diameter, and 21 ft. 4 ins. long, 
and are fitted with automatic stokers, operated by a driving shaft beneath the boiler 
room floor. 

The gases leaving the boilers are conducted by means of two flues, one each side 
of the boiler house, to the economisers, situated on either side of the outside coal 
store, and finally to the two chimneys. These chimneys are of steel plate, with fire- 
brick lining, and rest on brick bases, octagonal in shape. They are 230 ft. in height, 
with an inside diameter of 10 ft. 

The steam piping is arranged so that one battery can supply one engine direct, 
forming an independent unit, while the main steam header enables the boilers and 
engines to be interchanged. 

The main engines are vertical cross-compound condensing and direct coupled 


- to 500-kilowatt generators, and the units are arranged in rows, with ample floor space 


in the centre of the engine room. 
There are three surface condensers EU in the centre of the engine room 
basement, each condenser being between the foundations of two main units, and 


capable of dealing with the exhaust steam from both. These condensers are 


provided with combined steam-driven air and circulating pumps, and are all inter- 
changeable, thus facilitating the combination of any two generating sets with either con- 
denser. The feed-pumps, two in number, are of the vertical duplex tandem compound 
type, and each is capable of dealing with the whole of the necessary feed water, which 
is pumped through a feed water heater and duplicate filters on its way to the boilers. 
‘This heater takes the exhaust from the feed-pumps, air and circulating pumps, and 
the small stoker engines, and the water of condensation is drained into a cylindrical 
hot well, which also receives the air-pump discharge and clean steam drains. The 
level in the hot well is maintained by a make-up supply from the circulating discharge, 
and thus provides a continuous supply of hot feed water. 

"The engine room is equipped with a 25-ton overhead crane, electr ically operated. by 
three separate motors, which are controlled from a cage suspended from the bridge 
girders. The cage is situated so that the operator has a clear view of the engine- 


room. The hoisting speed of the crane is from 4 to 50 ft. per minute, according 


to the weight, and the travelling speed is 60 ft. per minute in both directions. Тһе 
switchboard is situated at the permanent end of the engine room, on а gallery 16 ft. 
from the engine room floor, and is approached by means of two iron staircases. 

The switchboard extends almost the entire width of the engine room, sufficient 
“space being left on either side for access to the back of the board and to the offices. 
Тһе panels comprising the board are bolted to suitable sustaining angle irons by 


- niekel-plated bolts. 


At the back of the switchboard, and in three storeys, are situated the store rooms, 


-Workmen's quarters, and various offices for engineers and switchboard attendants, the 


whole being well equipped with lavatories, bath-rooms, ete. The entire power- 
Station and outside coal-handling apparatus is thoroughly well lit by an elaborate system 
of are lighting and incandescent lamps. 

A schedule setting forth the types and sizes of the plant installed, is given in 
Table XXXVp. 
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TABLE ХХХУр. 


Schedule of Type and Capacity of Plant Installed at the Generating Station of 
the Dublin United Tramways Co. 


Item. | Number. | Type. Size and Rating. Remarks, 
Main engines . < x 6 | Vertical cross-com- Cylinders 20 ins. | Steam consumption 
pound condensing, | and 40 ins. x 42 at full load, 13:25 
| Corliss gear, 90| ins. stroke, 800| lbs. per I.H.-P. 
revolutions per, І.Н.Р. | saturated, 150 lbs. 
minute | pressure, 27 ins. 
vacuum. 
Main generators . sM 6 С.С. 500 volts ‚ | Full rated load, 550 | Efficiency: full, 94 
kilowatts per cent. ; half, 95 
| per cent. ; quarter, 
93 per cent. 
Boosters . 5 : 5 3 500 volts motor, 80 15 kilowatts 
volts generator 
Boosters 1 Ditto ditto . | 24 kilowatts 
Condensers 9 Horizontal surface | 2,400 sq. ft. 
Air-pumps. 8 16 ins. diameter, 16 | Combined and 
ins. stroke driven by tandem 
| steam engine cylin- 
ders, 7 ins. and 14 
| ins. 
Cireulating-pumps . : 8 18 ins. diameter, 16 | үе ditto. 
ins. stroke 
Feed-pumps _. A «| 2 Vertieal duplex tan- | 8,000 gallons 24 | 
| dem compound hour, 5 ins. and | 
10 ins. x 10 ins.| 
| stroke 
Travelling crane c Е 1 Electrical overhead 25 tons 
Boilers ` А 5 Pails ey Babcock and Wil- | 2,580 sq. ft. 
| cox water tube 
Stokers . : Е Пени Vickers | 
Conveyor . с с 5 1 Gravity bucket | 50 tons per hour 10 H.-P. motor- 
driven. 
Shutes  . : с 2) 6 Weighing апа 8 ewt. capacity 
travelling | 
Hoisting tower . : : 1 Steam-driven grab | 40 tons per hour 
Eeonomisers . 5 2 2 Green’s patent ‚ | 192 tubes each | Motor-driven scraper 
gear. 


Although giving good results, and possessing individual features contributing te 
high overall efficiency, none of the stations described embody all the details or fulfil 
all the conditions set forth earlier in this chapter as necessary to obtain the best 
possible results. This is chiefly due to the location of these stations being such as to 
preclude the greatest advantages being obtained. Lack of a natural supply of cooling 
water in one case, restricted ground area in another, and the fact that they have all 
been in service a good number of years, tend to limit the efficiency of the power 
stations described. 

Figs. 119 and 120 illustrate a turbine power station designed on the principles 
already outlined, and may be taken as representing, both in arrangement and detail, 
the best practice in modern central station design. 

This station is equipped with five 2,000-kilowatt turbines of the vertical к. апа 
supplied with steam at 150 lbs. pressure and 200 degrees superheat from ten marine 
type, water-tube boilers. 

The condensers are of the barometric jet type in duplicate, each set taking care 
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of half the station. The water is circulated by centrifugal pumps, and the air 
extraeted by single-acting three-throw wet air-pumps. 

The feed water passes from overhead storage tanks through heater detartarisers 
on its way to the feed-pumps, and is raised to the atmospheric boiling point by the 
exhaust steam from the auxiliaries. 

The feed-pumps are situated with a head on the suction side, thus enabling them 
to deal with the water at this temperature. 

The coal is handled automatically by gravity conveyors ; the boilers are provided 
with automatie stokers, and the ashes are removed from the boiler room basement in 
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Fig. 190. DESIGN oF 10,000-k.w. POWER STATION. ORoss-SECTION. 


trucks. The turbines maintain a low steam consumption over a wide range, the 
piping throughout is of the simplest nature, and a vacuum of 28 ins. is maintained. 
Dealing next with the cost of operating and maintaining a generating station 
plant, we propose setting forth the working costs of a number of power stations, first as 
recorded and in the next place in such a manner as to enable an absolute comparison 
to be made. It is not an easy matter in making comparison between the returns of 
working of different power stations to obtain a common basis for comparison. Тһе first 
difficulty one encounters is with regard to the cost of coal. The cost is given usually in 
pence per kilowatt hour, and it is seldom that the average price per ton paid for the coal 
is mentioned. Another difficulty arises out of the uncertainty as to the meaning of 
the term “units generated.” This ambiguity arises from the use in some cases of 
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electricity for running a part or the whole of the auxiliary plant, and from inclusion in 
the total by some, and exclusion by other engineers, of the energy so used when 
computing the cost per unit. Where the energy used for auxiliary purposes is 
included, it precludes a fair comparison with other stations where the auxiliary plant 
is steam-driven. 

In the following tables we have, from the total energy generated, deducted all energy 
used in the power house for auxiliary purposes, including excitation where necessary, and 
have adopted the term “energy issued out of power station,” as conveying this meaning 
without ambiguity, so that it is clear that comparisons of the working expenses of 
different power stations are made on the same basis. Table XXXVI. gives the operating 
cost of the plants already described. 


Tastes XXXVI. 
Operating Costs of Electrical Power Generating Stations. 


Glasgow | Сеп{та1 Dublin 
Corporation | London United 


| | + 
| Tramways. | Railway. Tramways. 
| 


Total kilowatt hours generated per annum 23,918,863 | 18,552,546 | 8,624,125 


3 5 used in power station . А я СІ 919,488 612,762 147,354 
дА issued out of power station . я .| 28,000,512 | 17,939,784 | 8,476,771 
Total coal consumed, tons 5 : ¥ s 85,267 29,225 16,488 
Coal per kilowatt hour (issued from station), pounds А .| 8:48 3°65 4°36 
Cost 55 я Я pence 4 2) 0:12 0:817 0:226 
Cost of coal per ton shillings . 5 6:52 16:25 9°68 
Cost in pence per kilowatt hour issued : — | | 
Operation : 
Salaries and wages . 4 . : : А : : 0:104 0:088 0:128 
Fuel. : 5 Е 5 5 5 : 2 : : 0:120 0:817 0:226 
Water 3 E Е 5 5 с с о 0:008 | 0:0012 0:007 
ОП, waste and stores . . 4 5 è : A : 0:014 | 0:0140 0:016 
Repair and maintenance : 


Material and wages . с 5 о s А ; ‚| 0:096 0:0460 0:038 


Total. 5 c Bi 0282 | 0:4662 0:405 


We now present a series of tables in which an absolute comparison is made of the 
working of various plants differing in magnitude and in the extent of use and setting 
forth in each case the overall efficiency of the plant in terms of tbe energy contained 
in the coal, the efficiency being defined as the ratio of the energy issued out of the 
power station to the energy contained in the coal. 

The following table (XXXVII., on p. 184), is a comparison of the overall efficiency 
of three of the plants described, and inasmuch as the plant is in each case of the same 
class, the comparison is a valuable one. 

It will be noted that the overall efficiency increases with the magnitude of the 
plant owing to the higher efficiency of the larger units. In order to determine 
approximately the law of efficiency in this respect, we have analysed the returns of a 
large number of stations both in this country and in other countries. 

Twenty-six of these stations are classified in three groups in Table XXXVIII. 
on pp. 196 and 137. In each group, one-half represents British stations, and one- 
half represents stations outside of Great Britain. Two considerations controlled the 
choice of stations for inclusion in the investigation. The first consideration was 
that the available data should include as many as possible of the facts affecting the 
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annual overall efficiency ; the second consideration was that the range of capacities 
and the average capacity of the British stations should be about equal to the range of 
capacities antl the average capacity of the stations located outside of Great Britain. 
This selection was made аа, any reference whatever to Ше value of Ше resulting 
average efficiencies. 
Taste XXXVII. 
Annual Overall Efficiencies of Three Electrical Power Generating Stations. 


| Glasgow | Central Dublin 
Installation. | Corporation | London United 
Tramways. Railway. Tramways. 
| 
1905, | 1905. | 1905. 
Total rated capacity (kilowatts) 1 : Е 5 : al 11,200 | 5,100 3,600 
Kilowatt hours generated per annum - з .| 28,918,868 | 18,552,546 8,624,125 
» issued out of power station per annuum . ‚ | 28,000,512 | 17,939,784 | 8,476,771 
Maximum output, kilowatts à : я ‘ : | 8,520 | 5,000 8,000 
Load factor : Е 3 р 82 41:4 | 82.2 
Coal consumed, ons 3 Е 5 4 5 3 я s 85,267 29,225 16,488 
Calorifie value (B. T.U.) per Ib. 1 3 И ; 1 E 12,600 14,500 12,500 
» kilowatt hours per ton > З $ 8,270 9,540 8,280 
Kilowatt hours input per kilowatt hour output З : .| 12°65 | 155 16 
Annual overall efficiency . ۴ А 3 5 Е Я 4 7:9 6:4 6:25 
Coal cost per ton, shillings : : 56:52 | 16°25 9°68 
Cost of coal per kilowatt “hour of calorific value, pence 0:00949 0:0204 0:0141 
Final cost of electrical energy per kilowatt hour of output, pence 0:12 0:817 0:226 


The table gives the output of the station for the period considered, іп millions of 
kilowatt hours per annum. The stations are arranged in the order of their annual | 
outputs. In the table are also compiled those particulars of each station which could 
be expected to have a bearing upon the overall efficiency, together with the data 
necessary for calculating this overall efficiency. The annual input of energy in the 
form of the energy of esce of the coal, the annual output in millions of kilowatt 
hours of electrical energy, and the annual overall efficiency are likewise recorded for 
each of the twenty-six stations. 

In Table XXXIX. these results are averaged for the British stations and for the 
stations situated outside of Great Britain. 


Tastre XXXIX. 
Annual Overall Efficiencies of English and Foreign Electrical Generating Stations. 


Average Output from 
Generating Station Average Efficiency of 


à Great Britain (B) : дунан тос 
Class. during Year in Generating Station 
or Abroad (A). Millions of Kilowatt in per cent. 
Hours. 


Between 0:9 and 3:3 millions of kilowatt (| B 2:0 2:8 
hours per year. | А” 1:9 52 
Between 6 and 13 ruilliong © kilowatt | B 9-8 5'8 
hours per year. | А 9:9 6:6 
Between 18 and 45 millions of kilowatt | B 28:8 1:2 
hours per year oll A 82:6 8:8 


In Fig. 121 these average results are plotted in the form of curves showing the 
annual overall efficiency of the generating stations as a function of the millions of 
kilowatt hours of annual output. 
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It is to be regretted that the published returns from generating stations are not 
more complete.- Thus we naturally ask ourselves whether it might not be possible to 
trace a connection between the overall efficiency and the extent to which electrical 
storage batteries are employed, but we find that the incompleteness of our data makes, 
this impossible. It is fair to assume that all these stations were operated condensing 
although this fact is recorded only in the case of the British stations. In fact, non- 
condensing stations, when known to be such, were purposely excluded from the 
comparison. In no ease, however, are there records of the average vacuum main- 
tained, nor of the average amount of superheat employed. The comparison of the 
capital cost and the rate of depreciation would also have been impracticable, owing to 
the insufficiency of the published data, and hence one cannot assert conclusively that 
the one or the other set of generating stations represents the better engineering. 

It is, however, quite evident that even the better of the two efficiency curves of 
Fig. 121 is very low. The efficiency of steam generating sets at full-load frequently 
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Fig. 121. COMPARISON or ErrrorENOIES OF ENGLISH AND FOREIGN ELECTRICAL 
GENERATING STATIONS. 


exceeds 20 per cent. in larger sizes, and the efficiency of a good boiler working at its 
rated capacity should not fall below 75 per cent. Taking the efficiency of the steam 
piping at 95 per cent., there is obtained a practicable full-load overall efficiency of the 
generating station of 0:20 x 0°75 x 0:95 = 0:14. 

The difference between this efficiency and that actually obtained in practice, is due 
chiefly to the circumstances that the plant is run for a large part of the time at 
considerably less than full load, that fires must be kept under one or more spare 
boilers, that the boilers and engines are not maintained in the condition of highest 
efficiency, that the supply of air to the fires is not suitably regulated, that the coal 
is not uniformly of the calorific value of the samples tested, and to various other detail 
circumstances. 

As shown in Table XXXIX., it is not unusual to find large stations with an 
annual overall efficiency of over 7 per cent. 
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TABLE 
Annual Overall Efficiencies of Twenty- 
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plants which cover a wide range of load factors and size of generating units. 

In the preparation of this table we have not adopted any impossible ideal, but 
wish it to be understood that the figures given for efficiencies are within the range of 
possibilities, and have been attained in one or two instances. In the preparation of 
the table we have embodied all the principles set forth in this chapter, and the plants 
are taken as provided with superheaters, economisers, feed-water heaters, steam- 
driven auxiliaries, with boilers and condensers properly proportioned, and an ample 
supply of circulating water for the condensers and at a convenient level. 

It is not often that it is possible to obtain all the advantages in one plant. Water 
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| six Electrical Generating Stations. 


1 | ] xi ы i ТН ыр 
se | 8. a жын 53 За ES ae 2. 
ES | SE 5 BRE ЕЕ 85 E 255 Ера За 
zm 5,5 ap 9.9 ES ЗА = До g% So 
25 я я EEEN 2 р ма E EE 85 Яа 
2А ES я, x ed "us SS 5 Bon 5 ics 
я E се =} c BD ET Sg os 28= 5 43:8 A O = 
ag aA зе За ® оян aË Е ВЕРА жат eos m 
- prm ге ат Нан ЕД - "бо. & Ел S 9:9 
ча 9% = ES 12 още = е ЗЕ o 88 =. pa 
за ня я үе вада as 5 MEg 65 ве 
= 5 е до og ao¥ 
ЕВ 25 8 +85 $6 5 > аза щ = 
өз ва z3 ong > qu н SRA e 
ЗЕ 5 & ші ұз ар 45 а” Е э 
5 А ES в SO EE 
8,600 | 2,080 214 LP.T. 188 1904 6th 17,900,000 | 948,000 53 — 
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9,000 | 3,100 11:0 LT. 154 March, 1904 6th 27,900,000 | 1,000,000 3:58 
7,700 | 4,250 15 L. 16-0 March 25, 1904 7th 32,700,000 | 1,090,000 3°34 
8150 | 3,458 180 L.P.T. 14:05 1908—1904 5th 28,200,000 | 1,177,000 49 
9,100 | 8,200 тт т. 13:8 March, 1903 10th 74,500,000 | 1,830,000 1:79 
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8,500 | 17,300 10:75 т. 116 March 31, 1904 6th 147,000,000 | 2,250,000 1:50 
9,500 | 11,300 123 Е. 12-1 March 81, 1908 10th 107,300,000 | 2,900,000 27 
8,320 | 5,940 19:6 LPT. 20-5 1903—1904 12th 49,400,000 | 3,020,000 61 
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7,060-| 26,100 5:0 Т.Р. 14-5 March 25, 1905 | Not stated | 184,000,000 | 9,400,000 51 
7,700 | 90,300 82 T. | Notstated | March 25, 1904 11th 156,500,000 | 9,500,000 6:05 
9,320 | 18,000 TY L.P.T. 98:6 March 31,1905 | Not stated | 168,000,000 | 10,100,000 6:10 
8,350 | 20,300 "180 L.P.T. 381 1904 13th | 173,500,000 | 11,890,000 6:85 
8,750 | 19,800 | Notstated| L.P.T. | 401 1904 10th |173,000.000 | 12,480,000 721 
9,300 | 30,184 16-45 T. | Notstated| April, 1905 Not stated | 290,000,000 | 18,100,000 6:45 
| 
8,100 | 35,270 64 т. 30°8 May 31, 1905 5th 286,000,000 | 23,000,000 8:06 
8,750 | 40,800 171 LP. | 848 1903—1904 16th | 357,000,000 | 26,650,000 748 
| 
8,750 | 43,800 | Notstated| L.P.T. | Not stated 1904 5th | 383,000,000 | 29,600,000 7-75 
7,750 |’ 56,000 | Notstated| L.P.T. 859 1904 3rd 433,000,000 | 41,500,000 9-61 
8,940 | 75,000 10:0 LPT: 25°5 March 31, 1905 | Not stated | 670,000,000 | 45,000,000 6:79 
| 


for condensing is often not available, and cooling towers have to be used; in other 
eases the financial conditions may be such that a cheaper and therefore less efficient 
plant is the economical one to adopt. In these cases, allowances can readily be made 
for the special circumstances of the case. None of the stations described possess all 
the advantages, but when their disadvantages are allowed for, one, if not two, of the 
plants come very close to the attainable as thus defined. 

Provided all the conditions are similar, that is, provided that the size of unit in 
each case bears the same ratio to the average load, the efficiency of the station will 
depend on the size of the unit of generating plant. The basis of the table is therefore 
the efficiency of the engine and generator and its variation with size. The term engine 
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includes either reciprocating engine or turbine, and no limitations are imposed in | 
the choice of type, but it is assumed that the engine is the most efficient of its type, | 
and is working at its most economical point, and at the most economical vacuum. | 
The sizes we have selected range from 10,000 down to 500 kilowatts, and in Table XL. | 
the efficiencies are the combined efficiencies of the engine and generator, and | 
represent the best which have been yet attained. The steam pressure selected is 
165 lbs. per square inch, and superheat 300 degrees F. 


TABLE XL. 


Table of Thermal Efficiency of Engine and Generator and Overall Efficiency of 
Complete Plant on Steady Load. 


54 Ling of Nett Energy supplied ТА Total Energy in Fuel 
с Чомай | vert йаа 
ilowatts. (B.T.U.) (B.T.U.) 

10,000 | 15,000 0:929 | 20,600 0:167 
5,000 | 15,820 0:994 91,100 0:168 
9,500 | 15,900 0:916 21,850 0157 
1,250 | 16,820 0:904 23.100 0149 
1,000 | 17,970 0:199 98,700 0:145 

750 17,970 | 0:192 94,510 0:140 
500 | 18,980 0:181 | 26,150 0:181 


The figures given in the second column are nett amounts, and do not take into- 
account the energy required for air and circulating pumps, or losses in condenser. | 
After allowing for these, and for losses in radiation from piping, boiler, and economisers, | 
and for the energy. supplied to the chimney to produce a draught, we obtain the | 
figures in the fourth column, being the total energy in the fuel. We have now the | 
energy to be provided by the fuel per kilowatt hour under the best conditions and for | 
steady load. In order to obtain the efficiencies of the power plant under service con- | 
ditions, we take the above table ав а basis. We have first to allow for a fluctuation in | 
the load, where, although the output in a given time may be the same as for steady | 
load, the load may have fluctuated between wide limits; next, allowance has to be made | 
for variation in the load, as a result of which the plant is working part of the time at _ 
а less efficient part of its range. The losses suffered depend upon the nature of the 
load curve, and in the following it is assumed that the minimum load can be supplied | 
economically from the unit, and that the new load capacity is drawn upon before am 
additional unit is put in parallel. A further, and by far the greater, source of loss 
which follows from the variation in the load, is due to the necessity of keeping up the 
fires and boilers in readiness for the maximum load. The coal consumed may amount i 
to as much as 6 lbs. per square foot of furnace per hour, the energy being dissipated | 
by radiation from boilers, and piping, and engines, which must be kept in a state of - 
readiness. АП these losses are taken into account in Table XLI., the values being | 
based on our general experience and specific tests and observations. The values are 
plotted in terms of the size of unit and the load factor. By load factor in this case is 
meant the “daily " load factor obtained from the daily load curve as distinct from the - 
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TABLE XLI. 


Table of Overall Efficiencies of Steam Plants under 


Service Conditions. 


ШИГИФЕГЕСТЕТСАТ. POWER GENERATING PLANT 


annual load factor, as it is upon this that the efficiency or otherwise of the working 


Daily Load 


Economic Rating of Unit of Generating Plant in Power Station in Kilowatts. 


Factor, 10,000 5,000 2,500 1,250 1,000 750 500 
per cent. 
Thermal Efficiency of Plant, being Ratio of Output of Generating Plant to the Input into the Furnaces, 
100 0:158 0:155 0:150 0:141 0:188 0:138 0:126 
90 0:151 0:147 0:142 0:135 0:132 0:127 0:118 
80 0:144 0:141 0:185 0:128 0:125 0:121 0:113 
70 0:186 0:138 0:128 0:121 0:118 0:115 0:108 
60 0:127 0:124 0:120 0:113 0:110 0:106 0:101 
50 0:116 0:114 0:110 0:104 0:102 0:098 0:093 
40 0:104 0:101 0:098 0:098 0:090 0:087 0:082 
80 0:089 0:087 0:084 0:079 0:078 0:075 0:071 
20 0:071 0:067 0:065 0:061 0:060 0:057 0:054 
10 0:043 0:041 0:089 0:036 0:085 0:084 0:082 


then be applied to gauge the actual performance of the plant. 


| 
$ 
| 
| 
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| The values given are such as the station engineer should obtain provided he 
has all the E assumed. If any UND advantage, such, for instance, as 
superheat, is absent, or if he is placed so that the water supply for condensing purposes 
is limited, or if the water has to be lifted a considerable height, the value of such 
deficiency can be readily calculated, and, after applying the correction to the values 
| given in the table corresponding to the load factor and size of unit, the result can 


Chapter VI 


THE HIGH TENSION TRANSMISSION SYSTEM 


IE: the last chapter we traced the energy from the fuel up to the outgoing mains ' 
from the generating station. Up to that point neither the capital costs nor the | 
. generating costs are appreciably different whether continuous-current or alternating- | 
current energy is supplied, nor will the voltage of the supply affect the result to any 
considerable extent. 
But we now come to a link in the system where the cost is a function of the | 
form of electrical energy and of the voltage at which 1 is supplied. In the most | 
extensive and approved modern plants, the electrieal energy is delivered from the | 
generating station in the form of three-phase high tension currents, and is trans- | 
mitted in this form to sub-stations, where by means of suitable converting plant, it - 
| is transformed into continuous current. his continuous current is supplied to the . 
conducting rails, or to the overhead trolley line, and thence to the motors on the cars | 
or trains. Where the area over which the energy is to be transmitted is not extensive, 
it may often be preferable to supply continuous current direct from the generating | 
station and thus avoid the necessity for sub-stations. ,There are also a few plants | 
where high tension continuous current is supplied és rom the generating station. 
During the last couple of years, а great deal of attention and study has also been | | 
given to single-phase systems of traction, which permit of transmitting at high tension. 3 
direct to the car or train, on which is carried an equipment of transforming devices | 
and alternating-eurrent commutator motors. In a related system, the train receives | 
high tension alternating current, which is transformed by means of a motor-generator 
S on the train, nud low tension eontinuous-current, and is distributed in this 
form to the motors. Polyphase motors are used on the саг or train- on quite а 
number of roads, and for certain cases this system is excellent. | 
We shall work out the general саве of electric traction on Ше basis of the first of ' 
the above-named systems, since this system has come into very extensive and | 
successful use, and, so far as it is displaced by one or other of the alternative | 
systems, this displacement will occur very gradually, so that for several years, ab © 
any rate, a large amount of work will be done by the three-phase continuous-current | 
system. | | 
In cities, and wherever the local conditions or regulations require it, the three | 
phase high tension transmission system is installed with underground са ев. А 
pressure of 11,000 volts between cores has so frequently been employed that we may | 
for our present purpose, take it as standard. A higher voltage would, at the present 
state of development in cable manufacture, rarely be economical, since, as we shall | 
see, even at 11,000 volts, the cost, including installation, is from three to twenty E 
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‘times the cost of the contained copper according to the cross-section per core. This 
multiplier rises rapidly with the voltage. In special cases a lower voltage is more 
economical, but for all extensive systems we may take 11,000 volts as the basis, at 
lany rate for preliminary estimates. As the neutral points of the armature windings 
of the high tension generators are grounded at the generating stations, the pressure | 


11000 _ 
MUT 6,950 volts. | 


from any core to earth is 


Estimation of the Cost of High Tension Cables. 


The data given by cable manufaeturers in their catalogues, while often very exten- 
sive, are rarely in the form most useful to the engineer in designing projects. He must, 
of eourse, before the project is completed, have recourse to precise estimates from the 
cable manufacturers, but prior to that stage he is more especially concerned with the 
relative costs of complete cables for different voltages. These are, for his purpose, most 
conveniently expressed in terms of the weight of the copper in the cable, or, more 
precisely, it is convenient for him to figure on a cost in pounds sterling per metric ton 
of contained copper. These data, together with some details of construction, guarantees, 
etc., suffices for obtaining a rough estimate of the percentage of the total cost which 
will be required for the cables. This is all that is required up to the later stages 
of the designing of an installation. This small amount of data he should, however, 
have at hand in as compaet a form as practicable. | 

The following brief descriptive specification may be taken as representative of the 
most generally employed three-phase cables. i 

Specification.—Three cores of stranded copper conductors, symmetrically disposed 
with relation to one another, and individually insulated with paper, or other insula- 
tion, are spirally assembled together, the pitch of the spiral varying chiefly as a 
function of the diameter per core. The three cores thus assembled together, are 
covered with paper or other insulation of suitable thickness." An external covering of 
lead is then applied, and this in turn is often protected by an armouring, frequently 
consisting of two layers of steel tape." Sometimes Ше steel or iron covering is, in its 
turn, protected by a final covering of tough jute or other suitable material. 

Such a cable, when for 11,000 volts, is generally guaranteed to withstand for 
1 hour, the application of an effective alternating current voltage of three times the 
normal voltage when tested at the manufacturer’s works, and a further test, with at 
least double the normal voltage, when finally installed. This test is made between 
each pair of cores, and from each core to lead. 

Recently there has appeared a new type of cable insulated with varnished 
cambric. The construction of the cable is as follows :—Specially prepared cotton 
fabric is coated on both sides with multiple films of insulating varnish. The coated 
cloth, cut into strips, is applied to the copper core with films of special non-drying, 
viscous and adhesive compound between the copper and the taping. 

The result is a flexible and homogeneous insulating wall of great dielectric 
strength. This insulation, unlike paper, does not absorb moisture, and it is therefore 
unnecessary to seal the ends. It is stated that leaded varnished-cambric cable 
installed in 1898 on 11,000 volts circuits in connection with overhead transmission 
lines, exposed to lightning discharge, is still in use without failure or deterioration. 


+ The Engineering Standards Committee’s specifications for thicknesses of dielectric and lead 
sheathing and armouring are given on pp. 162 to 164. 
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The prices of cable vary chiefly with the normal voltage and with the cross | 
section per core. А further but less important variation in price is introduced by | 
the particular specification as regards the application of armouring or other covering ` 
over the lead. Тһе chief components of the cost are, however, represented by the | 
copper, the insulation, the lead, and the installation of the cable. This last item, 
the installation, tends to partly offset variations with respect to whether armouring 
and further outer coverings are or are not used. For an armoured cable will 
require less expensive further provisions than in the case of a bare lead cable. 
Of course the cost of installing varies greatly. The prices which will be given in | 
subsequent tables may be taken as applying to cables installed in the tunnels of 
underground electric railways, and in other cases in subways especially provided for 
the reception of cables, and will not cover any part of the cost of construction of such 
subways, or of the cost of opening up the streets when other locations are | 
necessary. 

With these premises we may take the prices given in Table XLII. as repre- | 
sentative, though in cases where competition is exceedingly keen, the price for 
large quantities may be as much ав 20 per cent. lower. Such variations will | 
in no way invalidate the general engineering problem as set forth in this chapter. | 

The cost of copper on which Table XLII. is based, is taken at £100 per ton. | 
This is the cost of the copper core as stranded, including charges due to wire 
drawing and stranding. O'Gorman in a paper entitled “ Insulation on Cables," Ü 
allocates this £100 as follows :— | 

“G.M.B. copper in the market, £77; cost of wire drawing, £8; stranding, £5; | 
shop charges and administration, £10 per ton.” | 

The current market price for copper ін a few pounds lower than £77, во that 
£100 per ton for the copper cores is rather high. This, however, will cover 
market fluctuations, and moreover, if more accurate estimates are desired, it is 
easy to convert costs which are based оп a decimal figure, as £100. The results | 
set forth in Table XLII. have been plotted in Figs. 122 and 123, the former 
giving the cost of complete cable in pounds per ton of copper contained іп | 
the three cores, and the latter showing the ratio of the cost of complete cable | 
to the cost of contained copper at £100 per ton for various voltages and cross | 
sections of core. 1 

In the paper by O'Gorman referred to above, the following data as to the 
cost of insulation and lead sheathing are given :— | 

“ Copper is taken at £100 a ton (or 114. per pound), a price which is rather 
too high. This is to cover market fluctuations. I justify its use because the 
deductions and curves which follow are only comparative, and the effect on the 
total price of the various insulation thicknesses outweighs the price of copper on 
both small and large sizes. For example, between 15,000 kilowatts and 30,000 
kilowatts the price of cable is nearly constant, although the copper varies from 
0:58 sq. ins. to 15 sq. ins. Another reason for taking a high price 
for copper is that the labour of handling and jointing will depend on the 
weight of the cable even though the radial thickness of insulation may go down. | 
Lastly, the decimal figure £100 is easy to correct if a more accurate estimate is 
available. 

“Insulation is taken at £50 per ton. This price is too low for rubber cables, | 


1 Journal of the Institution of Electrical Engineers," Vol. XXX., p. 608 (March 7th, 1901). 
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84 0-0075 | 2-80 110 | 5-61 | 7-5 0%907| 20-6 p 37-6 | 1-48 | 88 2: — 
84 42-6 | 810|1,500|15:0 | 90:8] 47-6 | 1-87 | 10-9 |52۰6 | 450|2,170|21°70| 180| 69-5 | 2-74 |18-23 |880 | 659 |3.180|31-8 | 195 72:0|2-83 |23- . - 

В 0-015 | 4-00 158 |9-81 | 150 0415| 415 4055 | 1: 5 ; Ў 650-211: pae: + 4 019- ! КЕТУ л : 28-5 |118:5| 800 3,8701887 | 260 e. 
ҺИ мал пе оре! HEISE TS | 60 |104 |250 | 457|1,100|11-0 | 181-6 | 509 | 1-96 |11:8|984 | 510 |1,280| 12-8 | 960 | 71-0 |2795 | 19-8 |477 | 797|1,750|175 | 890 | 740 2-91 | 25-0 | 605| в70 2100 21-0 | 520 е 
2 |0-022 4-95 195 1:92 | 29-0 |0-617| 61:6 p : 9, ы | х - 

0:0248| 5:85 210 169 248 0685 684| 84 |154 | 596) 876 104 240 24 Ел ПЫ E Зо вю 199-0 725 2895214 |847 | 800/1,800/18-0 | 5701 7612-95 |26-4| 48:0) 9401,525 1159951 762 |” 
) 5 1:40 | 30:0|0'826| 82-8 “- "IET Е : : Avie ie tera 215% : 012 . | 
Bos 6:40 | 250 | 1:26 вто 1:02 |109:0 de 49:6 | 142 |120 |19:8 5051 6101 610| 368 | 54-1 9:18 | 14-1 |171 628) 760| 7:60| 520 чн 3 иа 22 860 1,040 | 10:4 780 || 78:1 | 8*07 | 27-9 | 33-7 | 1,010 | 1,210 | 12-10 | 1,040 de 
0-0887 | 6:50|260|1-097| 88-7 | 1-07 |107-0| зв |1497| 7-56) 7-06| 222| 207 |91 P 41 |1:615| 853| 797/253 | 239 |2:39| erol 46 |1810| 972| 908| 822 | 301 |3-01| 201-0 1 | 927) 910) 910) 962 | 8011 |2155 29:8) 28-7 | 1,080) 1,060 10-60 | 1,280 

c ete ЕЕ ase в | 467 Let [186 [го | 600] аво 485] 545 бт 298 162 181 | 740] вав 5-06] 790) 17499051382 |208 | aoa| soo| 890 то | ва 3295 sos| 28 |1150 osol osol 1,500 13 
0-0542| 7:75 |810 |0-772| 54-3]1-525|152-3| 41 |1-615| в-то| 578| 270| 177 |1-77| 4T0| 43 1695| 934 | 612|297 | 195 |195| 940| 50 |1970|1255| 899| 492 | 977 | 27 989-0 f |057] 787| 7°87 | 1,850] 842 8817 8271 | 29-4 | 1,210) 845) 845 | 1,800 r^ 
- -15 | 890 |0: 0 | 1-655 | 165:0 j NE : ; 8. 8 |5. ao tae : 118: : + 2 
oem 8.60 340 сазо 61-0 1.850 185:0 ра 49-7 | 194 |152 | 9:2 | 656| 397| 897| 727 | 59-8 9:855 | 18-1 |109 | 855| 516| 5-16 | 1,040 pi да "ч 4 в 1,180 668 6:88 1,560 865 389 33-6 | 20-2 1,200 750| 7:50 | 2,080 = EX - 
Е і К bs ра ; pu "|9. : 5 8 |1, 38 | 1, 3 | 3-455 | 35-1 | 19-0|1,850| 730| 7-30 | 2,320 | 

0:075 | 9-10 | 360 | 0-561 | 75-0 | 2-07 |206-5 ft 59-7 | 208 |168 | 81 | 798| 386| 8:86) 908| 62-5 2-46 |201| 9-7 | 960| 464| 4-64|1,3 :2 | 3-2. . . й 8 18: > : | 
00775 | 9:20 360 0:540| 77-5 19-14 |9130| 44 |1-782 10:30| 480| 842 160 |1-60| 670) 48 |19 |1256| 586 |406 | 190 190|1340| 55 |217 |1599| 744 | 548 | 954 |254 402-0 d 300 | 6821828 |821 1945 | 1,260) 609| 609|1,950 90-8 18-555 36-4 | 17-6 1,430] 685) 6-85 | 2,600 

0-090 |10:0 |890 | 0-469 | 90-0 | 2-48 | 248-0 m 55-8 | 2:93 |18:85| 7-4 | 895| 8361| 8:61|1,090|05:2|2:57 |991| 89 |1,055| 425| 4-95|1,560 

0-105 |10-6 | 420 | 0-400 | 105-0 | 2-90 | 289-0 Я 58-9 | 2:32 | 20:00| 6:9 |1,000| 845. 8-45 | 1,270 | 67-2 | 2645| 93-8 | 89 |1155| 398] 8-98 | 1,820 

0-1085 | 10-9 | 430 | 0-386 | 108-5 | 2-99 |298-0| 49 |1-930 | 13-87 | 4:43| 455| 152 |1:52| 981 | 52 |205 |1432| 4791503 | 168 |16811875| 60 |2365|18-50| 6-19] 670 | 224 |2:24 | 562-5 

0190 118 а es Poo а вар | 1% 228 ue 55 a 889 s Ae 68-4 | 2°69 |95:8| 7-8 |1,265| 382| 8:89 9,080 

0136 | 19-5 қ 0 | 3- s - 0 | 2 22176 320| 3: т | 71-8 | 2825 | 27-5 | 7-34|1,870| 365| 3-65 | 2,360 

0-1473 | 12-7 |500 | 0-285 | 147-0 | 4-06 |405:0| 58 |9-085 | 16-10| 8:98) 576| 142 | 1-42 56 |991 |1804| 4-44 644 | 158 |158|9540| 63 |948 |90-90| 515| 805 | 198 |1:98| 762-0 у , у > 
0:150 |128 |500|0:281|150:0|4-14 |4140 | 70-0 | 2-76 |248 | 60 |1,290| 813| 3-13 | 1,815 | 787 |2:90 | 29-1 | 7-08|1,465| 354| 8-54 9,600 

0-166 |13-2 | 520 0:255 | 166:0|4-58 | 458-0 | ES d E 57 и 302 3-02 | 2,010 | 75-6 |298 | 30:8| 6-72 |1,575| 344! 8-44 | 2,870 x 
. 0 1550|0-235|180:0| 4-93 | 493-0 TE '0| 2:97 |974 | 5:55 96| 2:96 | 2,180 | 77-0 3:08 | 32:2 | 6-53 |1,675| 340| 3-40 8,19 i | 
0196 148 560 | 0-225 | 186-0 | 5:14 5150| 58 | 2-285 | 19-65 | 3:82 704| 187 |1:87 61 | 2:405/ 21-10] 4101780 | 152 |152 329.0 | 67 |264 |9865) 4-60! 950 | 185 1:85 9660 i 5 ‚190 3 
0195 148 |580 0:218 | 195-0 | 5:54 | 533-0 | 74:5 | 298 988 | 540|1,560| 290| 2-90 | 2,360 | 78-4 3:085 | 33-5 | 6:28|1,775| 332| 8-82 3,380 ка 
0-910 151 600 0:200 |210:0 5:75 | 575-0 16:1 800 |802 | 5:27 |1,695| 284 9:84 |2,540 | 79-8 8:14 | 34-8] 6-05 |1,880| 897 3:97 8,640 

0-925 158 |690 0-187 |995:0 6:16 |615:0 : D 2 pa : 142 |1: : | Ч7:6 | 8:06 |816 | 5:15 |1,715)! 278, 9:78 9,7920 

0-2325 16-0 | 630 0:180 |299:0 | 6-44 |642-0| 68 29-480 23°80) 8:69 874 185 1:85 65 |256 9865 8:67 918 1:49 | 402-0 | 

0:941 16-2 640 0:174 | 241-0 6:60 | 660-0 79-1 | 312 |9928 | 4-97 |1,795| 979 9:79 9,920 | Е 

0:256 167 660 | 0-168 256:0 | 7:00 700:0 806! 817 | 34:3 4:90 1,880 269 2:69 8,100 

0-272 |1752 |680|0-155| 272-0 | 7:45 | 745-0 е) 82:9 | 3:22 |854 | 475 11,970) 265| 9:65 8,850 

0-286 17-7 1700 0-147 | 286-5 | 7-85 |784:0| 68 |2-680 | 28-70 | 3:63 | 1,057 | 188 1:33 248 88-6 3:29 |870 | 4-70 2,050 261| 2-61 | 3,580 

5 . 0 7-91 | 790:0 
== A ed tpe ite dee 821-0 m 852| 8:85 888 | 4:67|2,140| 960| 960 8,640 
0-3255 | 21-0 | 830 | 0-129 | 325-0 8-98 |897-0 | 72 2:840 81:70 8:51 1,191 182 182 2814 


1 The cross-section of one core is equal to the sum of the cross-sections of all the component strands. 
* Copper is taken at £100 per ton of stranded conductor. See note on p. 142. о 
з Ву “ton ” is denoted the metric ton of 1,000 kilogrammes or 2,200 lbs. 
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THE HIGH TENSION TRANSMISSION SYSTEM 


ibut as it is weil known that the cost of fibre, together with its lead, is of the 
Same order as rubber, it will follow that the general trend of the curves holds 
for rubber also, only the maxima and minima will be more marked for any class 
of insulation dearer than I have selected unless the disruptive strength is 
correspondingly greater. Paper, #85 per ton; impregnating oil, £7; labour, £10; 
administration, etc., £19. 

| “Lead was taken at £25 a ton to allow for the labour of lead covering, which 
is high. A thickness of 0'125 ins. was taken in all cases. This thickness is 
rather small for large cables, which sometimes take 0°15 or 0°18 ins. If this 


lincrease of lead had been allowed for, the rate at which the cost of cable 
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Fig. 122. Cosrs or Hicu-Tunston THREE-CorE CABLES. 


increases with increase of output would have been still further diminished within 
practical limits of copper section, but the character of the curves! would not be 
ltered, only accentuated. Best Spanish lead, £15 per ton; labour, £8; administration, 
6 a ton.” 

The results of Table XLII. and of the curves of Fig. 123 bring out very clearly 
he fact that the cost of copper in cables, when for high tension work, is but a very 
mall percentage of the total cost of the cables. 

On the basis of these data the curves in Fig. 124 have been prepared. 
hese curves show that, while in regions like the western districts of America, 


1 The curves referred to are those published in the paper from which this extract is made. 
hey are for H.T. cables built up on O’Gorman’s principle of grading the dielectric, and are of 
Similar nature to the curves given in Fig. 124. 
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it is of distinct advantage to use extremely high potentials for overhead lines 
with bare conductors, much lower pressures will give the most economical results 
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where the regulations of the authorities require the use of underground cables. 

The curves show the most economical voltage for every case, when considered from 

the standpoint of the cost of the transmission cables alone. But since the cost 
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of the cables, as revealed by these curves, generally increases but slowly as the 

voltage is lowered, the increased cost by the use of a considerably lower voltage 
’ will often be offset by the slightly lower cost of the generating and transforming 

apparatus and the less liability to breakdown, owing to the greater factors of safety 
’ employed in lower voltage plant. 
| The curves of Fig. 124 show that a somewhat lower power factor makes but little 
| difference in the cost of the cables. These two curve sheets show results for a case 
| where all the energy is transmitted by a single three-core cable, which would not leave 
any reserve in the case of a breakdown, and also results for the case of two three-core 
cables being used, half the energy being transmitted over each cable. This latter is the 
more usual ease in spite of the greater cost; in fact, the use of a single cable would 
afford altogether insufficient reliability. With the exception of the groups of curves 
E and I, all the other groups of curves in Fig. 124 are based on the employment of two 
independent three-core cables, each carrying normally one-half the total energy. In the 
ease of the temporary breakdown of one of these cables, it is generally customary to 
slightly overload the other cable, and to get along with as small a load as practicable 
until the damaged cable is repaired. Of course, in very important installations, more than 
two independent cables are used, two sufficing to carry the normal load continuously. 
The curves are self-explanatory. Теп per cent. line loss has been employed in the 
calculations ; but fairly accurate results for other values of line loss сап be deduced 
from the curves without much extra calculation. Where sub-stations employing rotary 
converters are supplied over the high tension cables, five per cent. line loss, or even 
less, is desirable, otherwise the regulation will be very unsatisfactory. 
| In the curves of Fig. 124, it will be noted that at a certain voltage in each 
case, the cost of the cables reaches a minimum value. At voltages higher than this, 
the cost of the insulation preponderates, and at lower voltages the cost of the copper, 
rendering the complete cable more expensive at pressures higher or lower than that 
|for minimum cost. The voltage at whieh minimum eost oceurs, is higher the greater 
|е power transmitted, or the greater the distance to which it is transmitted, and the 
lower the power factor. It is also higher in the case of a single cable transmitting 
(the whole of the power than for two cables each carrying half the power. 
| In Figs. 125, 126, 127, and 128, the minimum cost of cables has been plotted 
ав a function of the power transmitted. Figs. 125 and 126 are both for unity 
factor, but using one cable in Fig. 125 and two cables in Fig. 126. Figs. 127 
nd 128 are both for a power factor of 0:8, and using one cable in Fig. 127 and two 
cables in Fig. 128. 

In each case there are shown curves for distances of 10, 20, 30, and 40 kilometres 
6:2, 12-4, 18:6, and 24:8 miles). In all these curves the cost which occurs at the 
ost economical voltage has been employed, this voltage ranging from 9,000 to 
18,000 in the cases considered, as will be seen from Fig. 124. These curves 
oring out very clearly the fact that the cost of cables for transmitting power at high 
pressures is by no means proportional to, although it increases with, the power trans- 
mitted and the distance of transmission. This is because the cost of the copper 
»onstitutes only a comparatively small proportion of the total cost, the insulation cost 
eing several times that of the copper. This has already been pointed out in 
Onnection with Table XLII. and in the curves of Fig. 123, where the ratio of cost 
Е complete cable to cost of contained copper has been tabulated and plotted. 
In Table XLII. the cross sections of the conductors may appear to be very 
iscellaneous and without much consecutive uniformity. This is due to the fact that 
E.R.E. | 145 L 
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the data necessary for the compilation of this table, were deduced from the lists of 
various British and Continental manufacturers, whose cross sections usually conform 
(0 some number of strands of certain wire gauges which do not give even figures 
or other uniformity in their cross sections. 

It would be possible with the data already arranged in Table XLII. to compile 
another similar table with a corresponding set of data, but for cross sections of cable 
cores increasing regularly and by some fixed increment, for instance, starting with a 
minimum cross. section of, say, 25 sq. mm., and increasing this by 25 sq. mm. each 
time, or a similar even section and increment in square inches. Such a table would 
be desirable, but as its preparation would involve a large amount of detail work, we - 
have not time to prepare it for the present volume. While mentioning this matter 
of conductor cross sections, we would draw attention to the Engineering Standards 
Committee’s recommendations. In their report No. 7, designated “ British Standard 
Tables of Copper Conductors and Thicknesses of Dielectric,” they give a table for 
large sizes of stranded conductors for electric supply, in which the smallest cross 
section is 0°025 sq. in., increasing by regular increments of 0'025 Sq. in. in the 
smaller of these sizes, 0°05 sq. in. in the intermediate sizes, and 0-1 sq. in. in the 
largest sizes. This gives a scale of cross sections of some even number of thousandths 
of a square inch, increasing by a fixed number of thousandths of a square inch. 

Table XLIII. is from the above-mentioned report :— 


TABLE ХИП. 
British Standard Sizes of Stranded Conductors for Electrie Supply. 


‘Peat | айша, | “Buia 
i100 Lbs, | Savare Inches, | Іш pehes о 
5 0-025 7/-068 
10 0:050 7/095 
10 0:050 19/-058 
16 0:075 19/-072 
21 0:100 19/-082 
26 0:125 19/-092 
32 0:150 19/-101 
81 0:150 87/-072 
41 0:200 37/-082 
51 0:250 87/-092 
61 0:300 37/-101 
73 0350 37/110 
84 0:400 37/118 
84 0:400 61/:092 
95 0:450 61/-098 
101 0:500 61/:101 
116 0-550 61/۰108 
121 0:600 61/:110 
198 0:650 61/:118 
149 0:700 91/:098 
151 0:750 91/-101 
160 0:800 91/104 
179 0:900 91/-110 
207 1:000 91/118 
211 1:000 127/101 


For cables designated “ intermediate sizes ” (of cross sections from 0:095 to 0:95 
sq. ш.), and for those designated “small sizes” (cross sections up to 0:025 sq. in.), 
the Engineering Standards Committee have adhered to three, seven, nineteen, or 
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thirty-seven strands of some S.W.G. wire, increasing the number of strands with 


the cross section. 
Temperature Rise in Cables. 


The permissible current density and consequent temperature rise of the cable is 
affected by the method of laying and armouring. 

The surroundings of the cable, as regards whether it is laid in conduits or on 
brackets, with its exterior free to the circulation of the air, also affect its heat- 
radiating properties, and thus also the permissible current density. 

There is a great scarcity of published information regarding the heating of cables 
under working conditions. The problem must be affected largely by the method of 
laying the cable, whether in air on racks, or in conduits in the earth; in the latter 
case, the depth below the surface of the earth, and the nature and conductivity of the 
soil, will also have a bearing on the heating. Some results by L. A. Ferguson’ оп a 
few particular cables are given later on, but there is a wide field open for investigation 
as to how the heating of cables is affected by each of the considerations enumerated 
above for different classes of cable of various sizes and voltages. Before any standard 
current densities were recommended, it was general practice to allow a current density 
of about 1,000 amperes per square inch, regardless of the type of cable and method 
of laying. Tables XLIV. and XLV. give the maximum current densities allowable for 
copper wires employed in cables, as defined by the Rules of the Institution of Electrical 
Engineers (Great Britain), and by the German Society of Hlectricians (the latter are 


stated for voltages above 1,000 volts). 
TABLE XLIV. 


Maximum Permissible Current in Copper Conductors according to the Rules of 
the Institution of Electrical. Engineers. 


Permissible Current | Permissible Current 
4 Бесшоа ш for Situations Corresponding where External Corresponding 
Size S. W.G. Square Inches. where the External Current: Temperature is Current 
Temperature is Density. considerably lower Density. 
above 100° Е. than 100° Е. 
18 or 62/88 or 97/40. 00181 81 1710 42 2820 
8/22. E с :00185 8-8 1780 44 2880 
17 ог 180/40. ; 5 "00246 40 1625 5:4 2200 
8/20. а 5 "00806 48 1570 6:6 2160 
16 or 110/88 or 172/40 . "00828 49 1515 6:8 2100 
15 1 : : А "00409 5:9 1440 8:2 2000 
7/29. с : *00481 6:2 1480 8-7 2020 
14 or 172/88 or 7/213. . "00502 7:0 1390 9:8 1950 
8/18. : : *00544 "5 1380 11:0 2020 
7/20. 5 o "00715 9:8 1800 18:0 1820 
7/18 . Е : :01270 14:0 1100 21:0 1650 
19/20. й : *01940 20:0 1030 80:0 1550 
7/16. с 9 "02260 28:0 1020 84:0 1500 
19/18 . 3 : "03440 31:0 900 48:0 1895 
7/14. 5 5 08520 82:0 908 49:0 1890 
19/16. о 4 "06180 49:0 800 77:0 1255 
19/14. : 5 "09550 70:0 732 110°0 1150 
87/16. : 2 "11900 88:0 695 180:0 1090 
19/12. : с "16100 100:0 620 170:0 1055 
87/14. о 5 18600 120:0 645 190:0 1020 
61/15. 2 5 "25000 150:0 600 240:0 960 
61/14. s ` "80600 170:0 555 290:0 948 
87/12. : С :81800 180:0 575 800:0 958 
61/19. : В "51600 260:0 504 450:0 878 
91/12. 2 5 "77000 850:0 455 620:0 805 
ӨТІЛІ, : . | "98100 420:0 428 40:0 754 


1 Paper read before Section E of the St. Louis International Electrical Congress of 1904 
(“ Transactions,” Vol. IL, p. 666); also Electrician, Vol. LIV., р. 964 (March 81st, 1905). 
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TABLE XLV. 


Current Densities in Copper Wires Employed in Cables for 1,000 Volts and over, 
according to the Rules of the German Society of Electricians. 


Cross Section of Conductor. фолше Current Density. 
Sq. mm. Sq. ins. Amperes. ви NL par 
1:5 0:0023 6 400 2580 
2°5 0:0089 10 400 2580 
4 0:0062 15 875 2420 
6 0:0098 20 888 2150 
10 0:0155 80 300 1930 
16 0:0248 40 250 1610 
25 0:0888 60 240 1550 
35 0:0543 80 228 1470 
50 0:0775 100 200 1290 
70 0:109 130 185 1190 
95 0-147 160 169 1090 
120 0:186 200 167 1075 
150 0:238 235 157 1010 
185 0:287 275 149 960 
240 0:878 380 137 884 


Several formule have been proposed for calculating, permissible current densities 
corresponding to a certain temperature rise. The Verband Deutscher Elektrotechniker! 
and Teichmuller in the ** Elektrotechnische Zeitschrift” for November 8rd, 1904, give 
| involved formule, taking account of the conductivity of the soil and the insulation on 
| the cable. In Fig. 129 is given a set of curves? showing the relation between cross 

section of copper and permissible current for temperature rises of 25 degrees Cent. 

| and 5 degrees Cent., calculated according to these formule, for cables laid at a depth 
| of 18 ins. in the earth. On the same sheet appear two curves from experimental data 
. for cables in air, which give an interesting comparison with the other curves. 
From the curves in Fig. 129 have been plotted those given in Fig. 180, which 

| show current densities for different cross sections. 
The National Conduit and Cable Company, who supplied the cables for the 
Central London Railway, state the following conditions for three-core cables :— 
For continuous operation with alternating current, 1,000 amperes per square 

| inch. 
For 6 hours an increase of 80 per cent. in current density, and for 3 hours an 
| increase of 50 per cent., is permissible under ordinary conditions, and a greater 
increase under conditions which give the surrounding air a good circulation round 
| the cables. The above increase of 30 per cent. would cause a rise in temperature of 
the copper of approximately 55 degrees Cent. (100 degrees F.) in 8 hours. 


Temperature Distribution in Cables. 


The temperature rise in the lead sheathing or the armouring is much smaller 
than that of the copper cores. The sheathing on paper-covered cables does not reach 


| 

| 1 See “ Electrotechnischer Zeitschrift,” May 7th, 1908. 
2 For these curves we are indebted to Mr. A. L. Kavanagh. See paper on “ Manufacture and 
| Design of Cables” [Institution of Electrical Engineers (Students’ Section), 1905]. 
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so high a temperature as on rubber-covered cables, because of the paper being a better: 
heat insulator than rubber. 1 


Fig. 181 gives a good representation of the relative magnitudes of the temperature: 


rise of the conductors and sheathing. This figure we reproduce, as well as Figs. 189 


and 1931, from the paper by L. A. Ferguson read before Section E of the St. Louis | 
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Fig. 129. Kavanacu’s CURVES oF CURRENT DENSITIES IN CABLES. 


A = Cable 18 ins. underground, 25 degrees Cent. rise. 
S э LE LEJ 3 

C = Cable in air, 25 degrees Cent. rise. 

D = Cable 18 ins. underground, 50 degrees Cent. rise. 
Еш » » » EE 

F — Cable in air, 50 degrees Cent, rise, 

G = I. E. Е. Rules, 10 degrees Cent, rise. 


International Electrical Congress of 1904. Some interesting results, showing com- | 
parisons between temperature rises of cables in conduits and in the air, are given in 


this paper, from which we quote the following paragraph :— 


“Nearly all cables for underground work are insulated with either paper or | 


rubber, and аге lead-covered. For some purposes, such as the grounded side of street 
railway circuits or the neutral of Edison three-wire systems, bare copper is satisfactory. 


1 Figs. 182 and 198 are not precise reproductions, but are plotted from the curves as given by | 


Ferguson, but in such groupings as to make them more useful. 
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Bare copper should not, however, be installed in the same duct with lead-covered 
cables. Paper-insulated cable is more generally used than rubber, on account of its 
lower first cost and also on account of its greater carrying capacity. Rubber cable 
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Fig. 130. CURRENT-CARRYING CAPACITY оғ BRITISH STANDARD CABLES. 


will stand rougher use, and may be more easily handled in extremely cold weather, 

than paper cable. It is easier to protect the ends of rubber cables than those of 

paper, and for this reason rubber cable is sometimes used for mains and services on 

account of the large number of connections necessary for this work. It is not difficult, 
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however, to safely instal paper-insulated cable for this class of work, and it is much 
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more satisfactory to do this, and thus carry 


only one kind of cable in stock. Paper- | 


insulated cable is particularly suitable for 
feeders on account of its high carrying 
capacity. Within the past two years cable 


with varnished cambric insulation has been | 


used for high-voltage work inside stations, 
and to a limited extent for underground work. 

“Single-conductor cable is commonly 
used for low-tension feeders in sizes ranging 
from 250,000 circular mils. to 1,000,000 cir- 
cular mils. Considerable saving in feeders 
may be made by using two-conductor соп- 
centric cable, with pressure wires laid up 
with the outer conductor. Concentric 
cables for feeders are used mostly in the 
1,000,000 circular mil. size. Its carrying 
capacity is less than that of two-conductor 
cables of the same size, and the cost is 
about the same. The saving is made in 
duct and manhole space, and in the cost 
of installation. 


“Figs. 182 and 188 show the carrying capacity of lead-covered paper-insulated 
These tests were made in a laboratory, the conduit 


cable in conduit and in air. 
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Figs. 132, 133. FERGUSON’S CURVES SHOWING TEMPERATURE RISE IN CABLES. 
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consisting of a single duct of vitrified clay pipe surrounded with approximately 6 ins. 
of sand on all sides. The tests on 1,000,000 circular mils. two-conductor concentric 
cable, were made with the cable in the air. Concentric cable should be made with 
the inner conductor so much larger than the outer that the average loss in the two 
conductors will be the same. At maximum load the loss would be more in the 
inner than the outer conductor, and less in case of light load.” 


Cable Installation. 


For underground work, cables are laid in some form of conduit. The material 
of the conduit is generally a variety of earthenware. Vitrified clay pipes and ducts 
are in most common use. Cement-lined iron pipe has been used in some cases. 
Earthenware conduits may be either of single or multiple duct construction, with 
either round or square ducts. The square duct is generally preferable on account 
of the greater ease with which the cables can be drawn in. In L. A. Ferguson’s 


‚ Bt. Louis Congress paper, referred to above, the question of conduit construction is 
well considered, and the substance of the conclusions is embodied in the following 


paragraphs :— 

“Various forms of ducts are on the market for underground work, vitrified clay 
tile being used much more than all other kinds of conduit. 

“ Multiple duct is furnished in sizes ranging from two to nine ducts, and in lengths 


‚ ranging up to 6 ft., although the 6-ft. lengths are not made to any great extent, on 
| account of the danger of warping; 8 ft. is the standard size for four and six-duct 


multiples ; nine-duct tile is difficult to handle, and four and six-duct sections are most 
generally used. There are two objections to the use of multiple duct as compared 
| with single duct: first, between any two cables in one piece of multiple duct there is 
only one wall; second, it is not possible to break joints as with single-duct conduit. 
These two things increase the liability of a fire in one duct reaching cables in 
| adjoining ducts. In single-duct construction, there are always two walls between 
adjacent cables, and all joints are broken, so that there is but very slight possibility of 
a burn-out in one cable reaching any adjoining cable. Single-duct construction is 
| unquestionably the best, particularly for large companies, where a burn-out on а 
| cable is liable to be severe on account of the large amount of power concentrated at 
| that point. 
| “The first cost of single and multiple tile is approximately the same. The 
| 6086 of installing multiple duct should be approximately 15 per cent. less per 
duct than for single duct. The weight of single-duct tile is about 20 per cent. 
| шоге per duct foot than for four and six-duct multiples. The lower cost of installing 
| multiple duct is due to the lower freight charges on account of the lesser weight, 
and also to the smaller cost for labour. It is usually necessary to employ a 
| bricklayer for installing single-duet conduit, and multiple-duct may generally be 
‘installed with the better class of labourers. 

“А good arrangement of ducts is secured by laying them not more than four 
wide and as high as necessary to obtain the required number of ducts. These 
‘ducts should be separated into two vertical rows where they enter the manhole, 
|е separation being about 8 ins. The separating of the ducts should begin about 
5. or 6 ft. back from the manhole. This arrangement gives two vertieal rows 
lof cables on each side of the manhole, and leayes them much easier to support 
and protect than would be the case with three or more vertical rows. With an 
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arrangement of ducts not more than four wide, no cable can have more than on 
other duct between it and the surrounding earth; 
thus permitting good radiation of heat." | 


Cable Work of Ше New York Subway. 


The cable work on the subway of the Inter- 
borough Rapid Transit Co. affords an interesting: 
instance of modern methods. The following 
description is abstracted, by permission, from the. 
Company's publication entitled “Тһе New York 
Subway: its Construction and Equipment” :— 
DUCT LINE ACROSS 58TH STREET “From the power-house to the subway ath 


SS DUE. 58th Street and Broadway, two lines of conduit, | 
Fig. 134. New York SUBWAY: eachcom- 
ARRANGEMENT OF CABLE Поств 
UNDER STREET. 


И 
prising 1 
thirty- 
two ducts, have been constructed. These 
conduits are located on opposite sides of the 
street. The arrangement of ducts is 8 x 4, 
as shown in Fig. 184. The location and 
arrangement of ducts along the line of the 
subway are illustrated in photographs in 
Figs. 185 and 136, which show respectively 
a section of ducts on one side of the 
subway between passenger stations, and a 
section of ducts and one side of the subway 
beneath the platform of a passenger station. 
From City Hall to 96th Street (except 
through the Park Avenue tunnel) sixty-four 
ducts are provided on each side of the 
subway. North of 96th Street, sixty-four 
ducts are provided for the west-side lines, 
and an equal number for the east-side lines. 
Between passenger stations, these ducts help 
to form the side walls of the subway, and 
are arranged thirty-two ducts high and two INSIDE WALL OF TUNNEL 
ducts wide as in Fig. 185. “Beneath the SHOWING 64 DUCTS 
platforms of passenger stations Ше arrange- ^ 
ment is somewhat varied because of local 
obstructions, such as pipes, sewers, etc., of 
whieh it was necessary to take aecount in 
the construction of the stations. The plan 
shown in Fig. 136 is, however, typical. 
“The necessity of passing the cables 
from the 32 х 2 arrangement of ducts along 
the side of the tunnel to 8 x 8 and 16 x 4 
pe of ducts beneath the passenger 1. 185. New York Buswir: Госатий | 
platforms, involves serious difficulties in the ту Ане а. Dvers INSIDE i 
proper support and protection of cables Warr or TUNNEL. 
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| in manholes at the ends of the station platforms. In order to minimise the 
į risk of interruption of service due to possible damage to a considerable number 
и cables in one of these manholes, resulting from short circuit in a single 
‘cable, all cables, except at the joints, аге бу го! with two layers of Mee. 
| aggregating a full quarter-inch in thickness. This asbestos is specially prepared, 
| and is applied by wrapping the cable with two strips, each 8 ins. in width, 
the outer strip covering the line of junction between adjacent spirals of the 
‘inner strip the whole when in place being impregnated with a solution of 
| silicate of soda. The joints themselves are covered with two layers of asbestos held 
in place by steel tape applied spirally. To distribute the strains upon the cables 
;in manholes, radial supports of various curvatures, and made of malleable cast 
| поп, are used. The photograph in Fig. 187 illustrates the arrangement of cables 
in one of these manholes. 

“Tn order to further diminish the risk of interruption of the service due to 
ı failure of power supply, each sub-station south of 96th Street receives. its alternating 
| current from the power-house through cables carried on opposite sides of the 
| Subway. То protect the lead 
sheaths of the cables against 
| damage by electrolysis, rubber 
insulating pieces one-sixth of an 
inch in thickness are placed be- 
| tween the sheaths and the iron 
‚ bracket supports in the manholes. 

“Тре cables used for соп- 
| veying energy from the power- 
house to the several sub-stations, 
aggregate approximately 150 miles 
in length. The cable used for 
this purpose comprises three 
' stranded copper conductors, each “DUCTS UNDER PASSENGER STATION PLATFORM 
of which contains nineteen wires, ird 
апа the diameter of the stranded 
. conductor thus formed ів 0:40 of an 
inch. Paper insulation is employed, and the triple cable is enclosed in a lead sheath 
ст of an inch thick. Each conductor is separated from its neighbours and from 
the lead sheath by insulation of treated paper 7 of an inch in thickness. The 
outside diameter of the cables is 95 of an inch, and the weight 81 lbs. per lineal foot. 
In the factories the cable as manufactured was cut into lengths corresponding to 
_ the distance between manholes, and each length subjected to severe tests, including 
application to the insulation of an alternating current potential of 80,000 volts for 
a period of 80 minutes. These cables were installed under the supervision of 
the Interborough Co.'s engineers, and, after jointing, each complete cable from 
| power-house to sub-station was tested by applying an alternating potential of 
| 90,000 volts for 80 minutes between each conductor and its neighbours, and 
| between each conductor and the lead sheath. Тһе photograph in Fig. 138 
illustrates this cable.” 

Another method frequently adopted in railway work is to run the feeders along 
| beside the track, supporting them on cast iron brackets, with semicircular channelled 
lugs fixed on to the walls of the tunnel, or on to wooden stakes driven vertically 


155 


Fig. 136. NEW YORK SUBWAY: ARRANGEMENT OF 
CABLE DUCTS UNDER PASSENGER STATION. 


ELECTRIC RAILWAY ENGINEERING 


in the ground. In this way several cables can be efficiently laid one above the 
other, and the whole group covered in with a protecting cover of sheet iron. 

Examples of this practice are given in the case of the Central London Railway 
and the London Underground Electric Rail: 
ways, of which systems we shall now give 
some particulars. 


Cable Work of the Central London 
Railway. 


The high tension cables were fur-| 
nished by the National Conduit and Cable 
Co. of New York. They are three-core 
cables, paper-insulated, and were tested at! 
the works to 15,000 R.M.S. volts between: 
the different cores and from cores to earth.. 
The normal working voltage is 5,000 volts 
between cores. 

The 5,000-volt current leaves the 
power-house by four independent lead- 
covered three-core cables. From the 
power-house to Notting Hill Gate each 
core has а total copper cross-section of 
1875 sq. in. (121 sq. mm.). The cables,- 
two in the down tunnel and two in the 
up tunnel, are laid upon cast-iron brackets: 
at the side of the tunnel, and are protected’ 
by curved sheet iron plates throughout. 
the length. The arrangement is shown: 
in Fig. 189. 

At Notting Hill Gate sub-station, three | 
37/16 cables are carried from the three К 
cores of each of the four cables, the joints - 
being made and protected by an ebonite | 
cylinder filled in with paraffin. 

Fig, 137. New Your Sunway: Amano From Notting Hill Gate to Marble | 

MENT OF CABLES IN MANHOLE. Arch the cross-section of the core is 3 

reduced to 0:125 sq. in. (80-5 sq. mm.). At | 

Marble Arch sub-station, one of the cables in each tunnel is discontinued. The other | 

two proceed with the 0:125 sq. in. (80-5 sq. mm.) cross-section to the Post-office sub- + 

station, where they are carried directly to Ше feeder panels. Here Ше high tension ' 
line terminates. 

The following is abstracted from the specification to which the cables vere. 
built :— 

Each cable consists of three separately insulated conductors, paper-insulated | 
and lead-sheathed. Each conductor is insulated with paper impregnated with 
resinous oil to a thickness of 1 in. (0817 сш.), twisted together with a lead of 
18 ins. and the whole surrounded by additional impregnated paper of a minimum | 
thickness of 4 in. (0817 сш.), so that the minimum thickness between cores оғ” 
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| between core and sheath is 1 in. (0:684 em.). The cable is protected by pure lead 
| sheathing 3 in. thick. Sections through these cables are shown in Fig. 148 (ables 
| Nos. 2 and 8). 

| The resistance рег conductor рег 1,000 ft. of finished cable at а temperature 
| of 60 degrees Е. was not to exceed 0:0645 ohm for 0:195 sq. in. section of copper and 
| 0:0430 ohm for 0:1875 sq. in. section of copper. -The cables were tested with a 
| pressure of 15,000 effective volts alternating, between adjacent conductors and 
| between each conductor and lead covering, at the makers’ works. When laid and 


Section oP 
Cable Support & Shield 


Bolted Eo Flange о? 
Tunnel Segment 


Fig. 138. New YORK SUBWAY: CABLE. Fig. 139. ARRANGEMENT OF CENTRAL 
Гохрох RAILWAY CABLES. 


jointed the cable was subjected to an effective alternating voltage of 10,000 volts 
at 25 cycles for 1 hour. 

The cables were manufactured in lengths wound on the ordinary drums, of 
convenient diameter for working in the tunnels. The diameter of the tunnels is 
11 ft. 6 ins., and the clear height from level of rails 9 ft. 

There are no manufacturers’ joints in the lengths supplied. 


Table XLVI. gives particulars of the cables as laid :— 


Taste XLVI. 
Particulars of Central London Railway High Tension Cables. 


х A 1 p 
EZ $ пара Sectional Area, И 3. 
oe Е. па 2 s 8 ge 
ES 28 ЕЯ oy 9 Z ы „© 
Бы ERE Sa ~ ш sls до eX о 
2 Е 50 ыз БИ EE о 
| оз д e Фа «ан Въ Sam 
S © ЕЕ Фи а 28 ака EXE 285 
т н я S. Е Е E 
ЕЕ Sg er 85 Е EE 8358 | os Bor 
а.о s) въ ES og ра Е Я a mu 
BG BS за ЕЕ ме 4 8 EG 
BE 8 во > 5 8 
An д @ 


| 

Generating Station to 
| Notting Hill Gate Sub- Е 
station . ; 5 ‚ | 2580 4 10,120 | 0:1875 | 289,000 | 87 6460 | 21 0:180 
Notting Hill Gate Sub- 
Station to Marble Arch 


Sub-station . . | 8050 4 12,200 | 0:125 | 159,200} 19 8880 | 133” | 0:195 
Marble Arch Sub-station to " 

Post-office Sub-station . | 4590 2 9180 | 0125 | 159,200 | 19 8380 | 133 0:195 
---- 
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At the time of making the insulation tests, the capacity current was measured! 
with the following results :— 
Test pressure : > : : 5 Е 10,000 volts. 
Periodicity : : : $ a я 25 cycles per second. 
Two cables were tested in parallel, i.e., one core from each, connected together 
and tested to the other four cores connected to sheaths. 


Power House switchboard to Notting Hill Gate switchboard : : - 1°9 amperes. 
3% ^s to Marble Arch switchboard 5 А d 5 37 » 
я фо Post-office switchboard . : : x ; 47 % 


Іп Fig. 148, cables Nos. 2 and 8, are given sections of the two sizes of cables) 
employed. Table XLVII. gives a tabular statement of the capacity per mile betweer 
cores, and from cores to lead. These values were deduced from the tests already 
referred to. 


^ 


Тлвье XLVII. 
Dielectric Capacity of Central London Railway Cables. 


Capacity per Mile in 
Microfarad. 
One core and other two cores and sheath я 5 Е : А 0:88 
One core and other two cores . 5 қ 5 5 А К f 0:32 


One core and one other core . ; 1 \ А я s 5 0°23 


Other data of interest regarding these high tension cables are tabulated below :-— 


Taste XLVIII. 
Weights and Dimensions of Central London Railway High Tension Cables. 


"1875 Square Inch 1125 Square Inch 

Cores, Cores. | 
Pounds copper per cable per 1,000 ft. length . : : 2140 1425 
Pounds insulation per cable 1, 000 £t. length . ; : 1090 995 j 
Pounds lead per eable per 1,000 ft. length ; $ 3870 3480 | 
Pounds weight complete cable per 1,000 ft. length : 7100 5900 
Pounds weight complete cable per cubic inch : қ 0:166 ~ 30108 
Average specific gravity complete cable : : Е 4-6 46 | 
Total weight of copper in all high tension cables . : 78:4 tons. | 
Total weight of all high tension “cables complete . я 290 » { 
Total length of all high tension cables . 4 : А 19-6 miles. | 
Outside diameter . 5 : : : : 21 ins, 115 ins. | 


T & 
Cable Work of the London Underground Electric Railways. | 
District Railway. : 
The contract for cables on this railway was divided between several manu 
facturers, the British Insulated and Helsby Cables, Ltd., having the largest portion 
Each manufacturer had several sections in different parts of the system. | 
The total length of high tension cable employed on the system is about 207 miles, 
exclusive of 78 miles laid down for the Great Northern and Brompton, Baker Street) 
and Waterloo, and Charing Cross and Hampstead Railways, and between Lot’s Road! 
and Earl's Court, and Earl's Court and Charing Cross. | 
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The total length of cable supplying high tension current from Lot’s Road to all 
railways fed, will be about 868 miles. 

All the cables supplied by the British Insulated and Helsby Cables, Ltd., for 
’ high tension current, are three-core, paper-insulated and lead-covered, for a working 
’ pressure of 11,000 volts. The cables were supplied in three sizes, particulars of which 
are given in the following table :— 


Taste XLIX. 
Particulars of Londoh Underground Railways SiS T'ension к 
Size of Cable—L.8.G. 
No. 37/15. No. 87/14. No. 37/13. 
| Sectional area of each conductor, square inch 0:15 0:19 0:25 
| Maximum resistance of each conductor per 1,000 ft. 
| at 60^ Е. ohm : 3 г 0:054 0:044 0:084 
| ‘Thickness of insulation between conductors. - | 0:4875 in. 0:4875 in. 0:4375 in. 
| Thickness of insulation between conductors and 
|“ еши. 5 Е : 5 .| 04875 in. 0:4375 in. 0:4875 in. 
Thickness of each insulation paper 5 : : 0:005 in. 0:005 in. 0:005 in. 
| Thickness of lead covering 5 . 0:1875 in. 0:1875 in. 0:1875 іп. 
| Approximate overall diameter of finished cable : 2°65 ins. 2°78 ins. 2°94 ins. 
_ Approximate diameter of finished joints . с 4 ins. 4-2 ins. 4:4 ins. 
_ Approximate maximum insulation resistance per 
mile, at 60° Е. (megohms) . 5 А : : 500 500 500 


The thickness of the insulation between the conductors, as well as between each 
conductor and earth, is 0:487 in. 

The maximum insulation resistance per mile is 500 megohms at 60 degrees F. 

The specification provided that the cables should stand 89,000 volts after being 


Fig. 140. DISTRICT RAILWAY: CABLES MOUNTED ON WALL, SHOWING JOINTS. 


immersed in water for 24 hours, and it is understood that they have withstood 
40,000 volts in Works tests.! 
In all, some 200 miles of cable were supplied by the British Insulated and Helsby 


Cables, Ltd. 
1 See Light Railway and Tramway Journal, February 3rd. 1905. 
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The work of laying or fixing sections of cable was very arduous, as all the tunnel 1 
portions had to be laid or drawn into ducts during & 
working night of 24 hours, this being the only time- 
during which no trains were running. 

The work was carried out in less than 6 months, 
in spite of late deliveries of material other than the 
cables themselves. 

The work of jointing the cables in the British | 
Insulated and Helsby sections was very heavy, there 
being in all 1,830 joints. These were completed in an 
average time of 5 hours per joint. The joints made by 
the British Insulated and Helsby Cables are insulated 
with tape boiled in resin oil. Out of 110 miles of cable, 
106 miles were laid in 540 hours. The average working 
week being 19 hours, this period was spread over . 
6 months. The cables were carried in racks at places 
where the joints occur, the joints being staggered, as 


| 


Wiped Joint 


2 /////4/7///////////////////////////////////////////// 


3 


supplied in two sizes, each size having three cores of | 
0:15 sq. in. and 0°25 sq. in. respectively. | 

The weight of the larger cable is about 28 tons per 
mile, with a capacity of about 0°29 microfarad per mile. 
The smaller cable weighs 25 tons per mile, and has a 
capacity of 0°354 microfarad per mile. 

These cables are drawn into glazed earthenware | 
pipes of 84 ins. internal diameter, the pipes being | 
laid in concrete. 

The average distance between draw-pits is about 
950 ft, with a maximum distance of 570 ft. The | 
following description of the method of making a joint . 
may be interesting! :— 

The lead and insulation of each cable is cut back, | 
and the ends of the three copper cores of each cable | 
are then cut so as to “butt” solid against each other; | 
the cores, however, are cut in such a manner that | 
the joints are stepped. Over the ends of the copper 
cores are slipped copper ferrules, which are sweated on. 
These ferrules are then lapped with high insulation 
linen tape, and painted with composition. After each joint has been made, three 


کڪ 


and painted with Composition 


i | À “ shown in Fig. 140. 
i N The cables supplied by Messrs. Callender’s Cable 
i N and Construetion Co., are all three-core, paper-insulated, 
: a Ñ Lx and lead-covered. They are intended for a working - 
; H | 1 И pressure of 11,000 volts at 884 periods. Тһе cables 
i S " 4 5. were tested at the factory at 33,000 volts between 
| 3 Wi | 2 = adjacent cores, and between each core and earth. They 
E: | Ие were also tested with 22,000 volts for 1 hour between 
3 i Ñ 1 | 8” earth and conductors when laid. These cables were | 


ГЕС 


Disrricr RAILWAY: SECTION THROUGH Нін TENSION CABLE-JOINT. 


Lead Sleeve 


Fig. 141. 


Са e Mee T E S МБ 


IIIE 


س ت 


1 See Light Railway and Tramway Journal, February 3rd, 1905. 
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rings of high-insulation tape are wrapped around to keep the cores in their proper 
position. A lead sleeve, which has previously been slipped over the end of one 
of the cables, is then placed in position, and wiped down on to a lead ring at each 
end. The sleeve is then filled with special lead-sleeve compound, and the hole 


КЕТТЕР, 


Fig. 142. DISTRICT RAILWAY: MANHOLE IN TRANSMISSION LINE UNDER CONSTRUCTION. 


through which the compound has been poured is then sweated solid. A section 
through a joint is sh®wn in Fig. 141. 

. Fig. 142 gives a view of a manhole in the transmission line during construction, 
showing the cable ducts. 


Metropolitan Railway. 


All the cables for the Metropolitan Railway were supplied and laid by the British 
Insulated and Helsby Cables, Ltd. The cables have three conductors, are paper- 
insulated and lead-covered. The lead is protected by insulating material, and the 
whole is then armoured by round galvanised steel wires of 0:104 in. diameter. The 
overall diameter of the cable is about 8 inches. АП the cables were tested at the 
works at 33,000 volts, and again at 22,000 volts, or double the working pressure 
when laid. 

Е.В.Е. | тбт M 
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In all, there are 9 miles of cable of 0°15 sq. in. cross section ; 


23 3? 14 99 9 0:20 15 23 
23 22 24 9 23 0:25 22 22 
23 22 25 23 ы 3% 0:10 22x 7 22 


Outside the stations, the cables are laid solid in wooden troughs run in with 
pitch. At bridges, ебе., they are drawn into pipes. 

The low tension cables are connected to the rails by low tension rubber insulated 
cables, which are partly in ducts and partly in troughs. 


In Fig. 143 are given drawings of sections through several high tension cables, 
including the Central London Railway and Metropolitan 
District Railway cables already described. 

Fig. 144 shows a section through Henley’s Patent 
“ Lamine” Conductor Cable, which is a recent develop- 
ment in three-core cables; the cores are built up of a 
number of V-shaped copper strips laid up one within 
the other. 

In Tables L., LL, ШІ. and LIII. are given the 
Engineering Standards Committee’s standard thick- 
nesses of insulation and lead sheathing for three-core 
and concentric cables, paper-insulated (Tables L. and 
3 B LI.) and rubber-insulated (Tables LII. and LHI). 
ж ке E ы шшк These tables are for voltages from 2,200 to 11,000, but 


LEY’s PATENT Lamina CoN- : ; 
DUCTOR THREE-CcORE Capiz. We are only concerned here with extra high pressures, 


i.e. above 5,000 volts. We have inserted these tables | 


exactly as they stand in the committee’s report, because there is much useful informa- 
tion in them, and we wish to bring into prominence such work in the direction of 
standardisation on a rational basis. 


TABLE L. 
Engineering Standards Committees Table of Thicknesses of Insulation for Paper- 
Insulated Concentric Cables for Pressures exceeding 2,200 Volts. 


| | 
| High PRESSURE CONCENTRIC, Extra HIGH PRESSURE CONCENTRIC. 
| WORKING PRESSURE, | WORKING PRESSUKES. 
|| EN = 4. же EI A or , - 
Nominal || | | 
Area of || 2,200 Volts. | 3,300 Volts. | 6,600 Volts, | 11,000 Volts. 
Сопдис- || | | | 
tors. % | ter M: | E m Е? 
Іт; 54 | Dielectric Е ‚ „| Dielectric Ше 4. | Dielectric | ; ;4 | Dielectric f 
| Dielectric  Багевед | Lead. | Dieleetrio | gortnoq | Lead. || Dielectric! gartned | Lead. || 1180010 garthed | Lead, 
DS Outer. ° | Outer. азе: Outer. | d Outer. 
Square | | | | 
Inch. || Inch. Inch. Inch. Inch. | Inch, Inch.| Inch. | Inch, Inch. | Inch. Inch. Inch, 
*025 Ле 208 "08 15 "09 `09 | %8 10 10 | "85 "12 “НА 
"050 ща | 708 09 sb "09 10 “28 10 11| "88 12 18 
ОБА ШӘ | 08 ‘09 | "15 | “09 10 “28 10 12 || "85 12 14 
100 18 Q9: EO 16 EHO 10 | -24 | 11 "12 "з6 M ELO 114 
42971 728 |! EO 10 16 10 11 24.21 а 18 86 "12 14 
150 | "18 09 Лен К Enn 1| 124 12 "18 | 36 12 15: 
"200 "Да |77709 zb | 16 SUL 12 || :24 12 8 | "836 12 15 
"250 14 10 МУЛ ee ENSEM "18 `25 | 12 | 14 v 12 16 
= |- — — کد‎ — к. m. > = - 
| Test at Works :—10,000 Volts | Test at Works :—12,000 Volts |, Test, at Works : —20,000 Volts || Test at Works :—30,000 Volts 
| for half-an-hour. for half-an-hour. for half-an-hour. || for half-an-hour. 
| Test when laid and jointed :— | Test when laid and jointed :— | Test when laid and jointed ;— || Test when laid and jointed :— 
| 4,000 Volts for half-an-hour. | 6,000 Volts for half-an-hour. | 12,000 Volts for half-an-hour. || 20,000 Volts for half-an-hour, 
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Manchester Cable 


6500 Kelts- 015 бо 06 7750 hm) 


per ore 


IZ 
11000 Yolts-0:172 5g In (125g Inm) 


per Core. 


Callenders Lead Sheathed Cable 
with Copper Tape Board of Trade Shield 
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Fig. 143. 


Central London ffi му 


5000 Volts -O125 Sgh nm 
Я per 27 a (755 7 


Lancashire & Yorkshire Cable 


10000 Volts - 015 Sgn 1567754 e) 
per Core 


8 3 
//000 Volts 0:25 50 ln (162 Sg Imm) 
per Core 


American Cables ^5 


22000 Volts 0036 5g (333 Sq тт) 
per оге 


SECTIONS oF VARIOUS Нтан TENSION CABLES. 
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Insulated Three-Core Cables for Pressures exceeding 2,200 Volts. 


Taste LI. 
Engineering Standards Committee's Table of Thicknesses of Insulation for Paper- 


HIGH PRESSURE THREE-CORE. Extra HIGH PRESSURE THREE-CORE, 
WORKING PRESSURE. WoRKING PRESSURES. 
2,900 Volts. 3,300 Volts. 6,600 Volts. 11,000 Volts. 
Nominal 
Area of | 
B Dielectric Dielectric Dielectric Dielectric 
` | Dielectric | Outer on Dielectric | Outer on Dielectric | ОЧег on Dielectric | Outer on 
Between Star Between Star Between Star | Between Star 
zuo Winding | Lead. End : monding Lead. ала Winding | Lead. | ES Winding | Lead. 
^ with | x wi EE with : withs 
Outside. Ее || Outside. (Estes Outside. Canta Outside. | Genie 
Earthed. Earthed. Earthed. Earthed. 
` Square 
Inch. Inch. Inch. Inch. | Inch. Inch. Inch. Inch, Inch. Inch. ей. Inch, Inch. 
*025 13 10 *08.| 15 12 "09 "28 Ри 10 "85 23 12 
"050 "18 10 ‘09| 115 "12 10 23 “Шү Е “85 '28 13 
"075 13 10 10 | | 12 10 23 Т 12 "85 98 13 
100 14 Т SUE 16 18 11 "24 18 121 86 924 “14 
125 14 ІІ ЦИ 16 18 12 24 18 13 "86 24 14 
150 14 SI 2 1916 "18 12 "24 18 181. 736 24 15. 
"200 14 За 18 | :16 13 18 724 18 "14 | 86 724 16 
79250 “15 712 SES e 14 14 25 19 15 87 "925 "Hy 
— | 
Test at Works :—10,000 Volts || Test at Works :—12,000 Volts || Test at Works :—20,000 Volts || Test at Works :—30,000 Volts 
for half-an-hour. for half-an-hour, for half-an-hour. for half-an-hour. 
Test when laid and jointed :— || Test when laid and jointed :— | Test when laid and jointed :— || Test when laid and jointed :— 
4,000 Volts for half-an-hour. || 6,000 Volts for half-an-hour. || 12,000 Volts for half-an-hour. | 20,000 Volts for half-an-hour. 


TABLE LII. 


Engineering Standards Committee's Table of Thicknesses of Insulation for Rubber- 


Insulated Concentric Underground Cables for Pressures exceeding 660 Volts. 
From 660 to 2,200 Volts. From 2,200 to 3,300 Volts. From 3,300 to 6,600 Volts. | From 6,600 to 11,000 Volts. 
i Outer Out Out: Outer 
men Dielectric. | Dielectric, Dielectric, Dielectric. 
OO Xu = а i | Inner P aed xu cm lod wv ты 
"S. i- А a d. Di- Е А у i- 25 : ead. i- : ; ead, 
Eus 3 E E г DCUM E + Е i А Е T Е electric. 3 E E 
н H н xh E ZE z Ан 
Square | | | 
Inch. Inch. | Inch. | Inch. | Inch. | Inch. | Inch. | Inch. | Inch. || Inch. | Inch, | Inch,| Inch. || Inch. | Inch. | Inch. | Inch. 
"025. КОП ДИ ОВ MS 15508. 2181 48 AO | 2007 20 500717201 10712917510 
050 РО С | 09 2187. |108) | 48 | "09 ‘20° | 09 | 420 | 10 | 229) | 10 | "29 | “10 
O75 12 | 08 | :12 | -09 La | :09 | -14 | -10 “216 | 10 | 21 | "10 | ЗО ае возя 
100 ОЗ LO ела 09 | 14: | 10 ІҢ ОТ AL Е | 1807 да къв ТТ 
125 ЗД И то) За EO esq ТО E ЛО ОЛЕ | SGU eiie BO) eso 
150 prem OOM 18 ГӘП “Іле | EON Лр LL ра ре тоа ЙЫ 97 ОН || ШЫ ESOS UA 
"200 OO en |) UL ШЕ) | CHRO) Ip AS | И! 2 |2309 2 | ӘЖ Par E 229 
"250 БІЗІ |50971 E торт ДО Еа | "Ok Be AS 
| I 
i 
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Тавре LIII. 


Engineering Standards Committee’s Table of Thicknesses of Insulation for Rubber- 
Insulated Three-Core Underground Cables for Pressures exceeding 660 Volts. 


| From 660 to 2,200 Volts. From 2,200 to 3,300 Volts. | From 3,300 to 6,600 Volts. | From 6,600 to 11,000 Volts. 
Nominal | 
_ Area of ; у ( . р 4 5 k 
Conductors, е on | tend. ENE Na [netten mm I e 
| 
Square Inch. Inch, Inch. Inch, Inch. Inch. Inch. Inch. Inch. 
"025 ӘНІ 09 18 10 7920 ST | 29 p 
:050 ДЫ: 10 13 aiti :20 12 | `29 13 
"075 12 211 14 LE "21 18 | "80 14 
"100 | 12 2 19 14 12 "21 13 :80 “15 
"125 | 12 12 14 12 “21 14 "80 "15 
150 13 13 15 13 "22 14 "81 16 
"200 13 13 "15 14 922 15 | "81 17 
'250 18 14 15 14 :22 16 "81 17 


The following are further abstracts from the Engineering Standards Committee's 
report :— | 

The dielectric and lead on all conductors, whether mains or pilot wires, smaller 
than 0:025 sq. in., shall have the thicknesses given for 0:025 sq. in. АП intermediate 
sizes shall have the thicknesses given for the next larger size on the list. 

Twin cables shall have the same thicknesses as three-core cables. 

The allowable variation in radial thicknesses of dielectric and lead at any point 
shall be 10 per cent. below the standard minimum thicknesses given in the table, but 
the mean of the thicknesses shall be at least that specified. 

The standard armouring to be as follows :— 

For cables below 0:50 in. diameter over lead, galvanised steel wires 0:072 in. diameter. 

For cables from 0:50 in. to 1 in. over lead, two layers of compound steel tape, each 0:080 in, 
thick. 

For cables from 1:01 in. to 2 ins. diameter, two layers of compound steel tape, each 0:040 in. 
thick. 

Above 2 ins. diameter, by two layers of compound steel tape, each 0:060 in. thick. | 

The standard thicknesses of jute serving, when applied to diameters less than 0°50 in., to be | 
0:06 in., and for larger diameters 0°10 in. 


All test pressures may be applied either with alternating or direct current, the 
former to be at thé standard frequency. 
The pressure tests for the cables in these tables shall be as follows :— 


Test at Works. Test etat b and 
Working Pressure. - 
Pressure applied for Pressure applied for 
half an hour. half an hour. 
Volts. Volts. Volts. 
2,900 10,000 4,000 
9,900 12,000 6,000 
6,600 20,000 12,000 
11,000 30,000 20,000 
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Overhead High Tension Lines. 


Even in England there is a tendency to employ overhead high tension lines in 
certain cases, such, for instance, as where a railway can use its own right of way. 


|. Where an overhead high tension transmission line is employed, some very different 
questions present themselves for solution, and they may be conveniently treated as 


follows :— 

Let > = received voltage at end of transmission line. Then the phase 
relations of the voltage and current components are as indicated by the following vectors :— 
— current drawn from transmission line leading received voltage by 

90 degrees ; 

æ = current drawn from transmission line in phase with received voltage ; 
= current drawn from transmission line lagging 90 degrees behind received 
voltage. 


Before proceeding with the estimation, the current drawn from the transmission 
line should be resolved into the “ energy " component and the “ wattless ” component. 


“ Energy " component = > “watless ” component = or ; 
= voltage required for sending a leading wattless current through a resist- 
ance ; 
> = voltage required for sending an energy current through a resistance ; 


= voltage required for sending a lagging wattless current through a resist- 


ance. 
— == = — — те voltage required for sending a leading wattless current through an 
/ А inductance ; 


— — — — = voltage required for sending an energy current through an inductance ; 


= voltage required for sending a lagging wattless current through an 
2 © q to} со 5 о 
inductance. 


In the above it will be noted that the electromotive force is in phase with the 
eurrent when driving it through a resistance, and leads it by 90 degrees when driving 
it through an inductance. 

In order to obtain at the end of the line the desired “ received voltage "— 

T 
Received voltage— 
some or all of the above component voltages (according to the nature of 


the transmission line) have to be calculated, and combined with the received 
) 165 
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voltage, which must be supplied at the source. Thus in the following 
diagram— 


nerated y 


се 


Received Voltage. 


a b = voltage required at the receiving end of the transmission line ; 

6 с = voltage required for sending leading wattless current! through line resistance ; 

с 4 = voltage required for sending leading wattless current! through line inductance ; 
d e = voltage required for sending energy current through line resistance ; 

e f = voltage required for sending energy current through line inductance ; | 
f g = voltage required for sending lagging wattless current through line resistance; 

g h = voltage required for sending lagging wattless current through line inductance ; 
а h = voltage required to be generated. 


Table LIV. gives resistances for calculating the resistance voltages. 

Table LY. gives reactances for calculating the reactance voltages. 

Table LVI. gives the capacity and corresponding charging current per unit of 
length. 

Regarding the charging current, it should be pointed out that this is merely a 
function of the size of conductors, distance apart, voltage, and periodicity, and is 
independent of the load, being, in fact, always the same as at open circuit. 

2 т X cycles per second х voltage X capacity in microfarads 
10°. 

It has been found to be sufficiently accurate to regard the charging current per 
unit of length of line as the same at all points of the line. Hence, in calculating the 
voltage due to the charging current across resistance and reactance of line, one may 
take half the total charging current through the entire resistance and reactance. 1 

The use of the preceding rules and tables is best illustrated by an example. 


Charging current = 


Example. 
Three-phase transmission plant. 
Power to be delivered at full load = 9,000 kilowatts. 
Power factor at full load = °9 for delivered energy. 
Length of line = 100 kilometres. 
Periodicity = 50 cycles per second. 
Volts between lines = 40,000 at receiving end. 
Volts per phase = 23,100 at receiving end. 
Allow 8 per cent. reactance voltage for step-up transformers. 
Allow З per cent. reactance voltage for step-down transformers. 
Conductors of transmission line arranged on the three corners of an equilateral 
triangle. 

Distance between conductors = 100 centimetres. 
Cross section of conductor = 75 square millimetres. 
Diameter of conductor = 9:77 millimetres. 
From Table LIY.—Resistance per kilometre = "999 ohm. 
From Table LV.—Reactance per kilometre = "8538 ohm. 
From Table LVI.—Charging current per kilometre at 10,000 volts = "0189 ampere. 

' Often charging current. 
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Тавге LIV. 


Cross-section 


Resistances and Weights of Copper Conductors of various Sizes. 


| Diameter of 


Resistance of 
Conductor in | 


Weight of 


Cross-section | 


Diameter of 


| Resistance of 
Conductor in 


Weight of 


of Conductor du in | „Ohms рег Conductor in of Conductor | Conductor + Ohms per Conductor in 
мшш, | вто, | lemin at Боташ | in Square | Обесен: Kilometre at | ортанын 
| grade, | | | | grade, 
20 5-04 :860 МЕ? |2 90. | тот 191 801 
25 5:64 -688 28 | oa da 181 845 
BOT || 60 ША | Т |. 021 113 172 890 
35 6-67 о тв. |258 980 
40 7-12 480 356 | Vago") 194 | 148 1068 
45 7-57 +382 401 180 ^| 129 | 49 1158 
50 7-97 344 445 | 140 | 194 23 1246 
55 8-36 818 40 | 150 | 188 215 1885 
| 875 | вт 584 | 160 148 -108 1424 
65 9:09 965 | 578 170 147 | 301 1512 
70 948 | 246 | 624 1800 | 151' |. 006 1602 
EN SIT ооо | 66 190 | 156 091 1690 
80 10-1 -215 712 200 16-0 086 1780 
85 104 | -202 756 | | 


TABLE LY. 


Inductances and Reactances of Copper Conductors. 


8 А Reactance in Ohms at 50 Cycles per 5 
Ва Inductance in Henrys of each of the Three Conductors of a Second, of each of the Three Conductors | © 4 
ЕЕ Three-phase Transmission Line, per Kilometre of Length ot of a Three-phase Transmission Line per | = 5 
Eo Line, when the Conductors are arranged at the Three Corners | Kilometre of Length of Line when the | 5 2 
oz of an Equilateral Triangle. | Conductors are arranged at the Three | ОЛ 
SE Corners of an Equilateral Triangle. из Е 
= Distance between Centres of any Two Conductors in ят 
В Е Centimetres. Distance between Centres of any Two Ig 
На Conductors in Centimetres. 985 
ao ве 
22 = іт 
$.8 | | | S.H 
8” 30. 40. 60. 80. 100. | 120. 10. | 30. 40. | 60. 80. | 100. | 120. | 140. E- 

"3 EC N | Ж. | | 
20 || 00098 00105 | “00114 | 00121 | 00125 | 00128 | “00180 5:04 | 308 | "881 | '358 |: 20 
25 | -00097 | 00104 | “00119 | 00119 | 00123 “00126 | 00128 | 5-64 | "304 | “328 | 353 | - | 25 
30 | -00095 | -00102 | 00110 | “00116 | -00121 | 00124 | 00126 | 6:19 || "800 | "820 | :346 | -36 | 30 
35 | 00094 | -00100 | 00108 | “00115 | -00120 | 00122 “00194 | 6°67 | "296 | 315 | -341 | 35 
40 | *00093 | -00099 | -00107 | 00114 “00118 “00121 “00123 || 7°12 | -292 | 311 | -337 |“ | 40 
45 | -00092 | -00098 | -00106 | 00113 | “00117 | -00120 |*00122 | 7:57 || -288 | -307 |-334 | -£ 45 
50 | “00091 | “00096 | -00105 |:00112 “00116 | “00119 | “001921 7:97 | "284 | "808 | -330 | -35 50 
55 | 00090 | “00096 | “00104 | “00111 | -00115 :00118 |:00120| 8-36 || -281 | "301 "397 | 55 
60 || -00089 | 00095 | 00103 | 00110 | 00114 | “00117 | 00120 || 8-75 | "278 | -298 | -325 |: 60 
65 | -00088 | -00094 | -00102 | “00108 “00114 | -00116 | 00119 || 9:09 | -276 | -296 | 322 |. 65 
70 | -00087 | -00094 | “00102 “00108 | -00113 “00116 |:00118| 9:43 || -274 | -294 | 320 | -3: 70 
75 | 00087 | “00098 | “00101 | -00107 | 00112 | 00115 | -00117 9-77 | 272 | °292 1:818 |7 75 
80 || -00086 | 00093 | “00100 | “00107 | -00111 | -00114 | 00117 || 10-10 | -270 | -291 “815 | -335 80 
85 | “00085 | 00092 | 00100 | 00106 | -00111 “00114 | 00116 | 1040 1:268 | "289 | "813 |" 85 
- 90 “00085 | -00091 | -00099 | 00106 “00110 | 00113 | “00116 || 10:70 | 266 | “287 | "811 90 
95 | "00084 | 00091 | "00099 | “00105 | 00109 | -00113 | 00115 || 11:00 1:264 | “286 | "310 | 3: 95 
-100 | -00083 | “00090 | “00098 | “00104 | 00109 | “00112 | -00114 || 11:30 || -262 | -284 | 308 | - 100 
110 | -00083 “00090 | -00097 | “00103 -00108 | “00112 | -00114 | 11-80 || -260 | -282 "306 5 110 
-120 | -00082 | >00089 | “00096 | “00102 | 00107 | 00111 | "00113 40 ||:268|% 803 | "3: 120 
130 | 00081 | “00088 | -00096 | “00101 | 00106 | “00110 | “00113 5 76 | BOL 130 
140 | “00081 | -00087 | “00092 | 00101 | “00102 | 00110 | “00112 299 |": 140 
150 | -00080 | “00087 | “00094 | “00100 | -00104 | “00109 | “00112? ‘297 |: 150 
160 | -00080-| “00086 | -00094 | -00100 |00104 | “00108 | “00111 :295 | * | 160 
170 || 00080 | 00086 | -00093 | 00099 | “00103 | 00108 | 00111 294 |. 170 
180 | 00079 | -00086 | 00093 | 00099 | “00103 | “00107 | 00110 :293 | - 180 
190 | -00079 | 00085 1:00 7У -00098 | -00103 | 00107 | “00110 :292 |: 3 || 190 
200 | -00079 | “00085 | 00092 | -00098 | -00102 |00107 | -00110 "291 200 
E | | 


The values in 
conductor for single-phase lines. 4 

For three-phase lines, where the three conductors ате arranged equispaced іп опе straight line, the 
calculations must be made on the basis of the distance between adjacent conductors for two-thirds 
of the length of the line, and on the basis of twice this distance for the remaining one-third of the 


the above table also 


length of the line. 


give the inductance and reactance per kilometre of each 


167 


ELECTRIC RAILWAY ENGINEERING 


TABLE LVI. 


Capacities and Charging Currents of Copper Conductors. 


я P А - 

= Е Charging Current in Amperes at 50 Cycles рег 2 
Sa Capacity in Microfarads per Kilometre in a Three- ы || Second in each of the Three Conductors on a 25 
GB phase Transmission Line when the Conductors 2 || Three-phase Transmission Line, per Kilometre of ЕЕ 
8% are arranged at the Three Corners of an Equilateral | Ву Length of Line, when the Conductors are arranged 5 8 
Әк Triangle. em at the Three Corners of an Equilateral Triangle ол 
5 = съ 10000 R.M.S. Volts between any Two Conductors, за 
gm Distance between Centres of any Two Conductors ЗЕ На 
8 2 in Centimetres. oz Distance between Centres of any Two Conductors 2 Е 
РЕЛ БЕ in Centimetres. ЗЕ 
а E 22 
@ д Е 22 
RS | 80. | 40. 60. 80. | 100. | 120. | 140. || & 30 40. 60. 80. | 100. | 120. | 140. 57 

| 
20 || :0117 | 0108 | 0100 | :0095 | 0092 | -0089 | -0088 | 5-04 “0212 | -0196 | -0181 | 0172 | “0167 | “0162 | -0160 | 20 
25 | :0119 | 0112 |:0102 | “0097 | 0094 | -0091 | -0089 | 5-64 || 0216 “0204 | -0185 | 0176 | 0171 | 0165 | -0162 || 25 
30 | 0121 | "0114 | :0104 | 0098 | -0095 | -0092 | 0090 || 6-19 | "0220 | -0207 | 0189 | 0178 0172 | 0167 | -0163 || 30 
35 | -0123 | -0116 | -0106 | “0100 | 0097 | 0098 | 0091 || 6:67 || "0223 “0210 | 0192 | 0181 | -0176 | “0169 | -0165 5 
40 |*0125 | 0117 |*0108 | “0101 | -0098 | -0094 | 0092 | 7-19 | 0227 | “0212 | “0196 | “0189 | 0178 | “0171 |-0167 || 40 
45 | 0126 | 0119 | 0109 | :0103 | -0098 | 0095 | 0093 || 7-75 || 0229 |0216 | “0198 | “0187 | “0178 | “0172 | -0169 || 45 
50 | 0128 | "0120 0110 | "0104 | -0099 | -0096 | -0094 | 7-97 | 0232 | -0218 | -0200 | 0189 | 0180 | "0174 | -0171 || 50 
55 | "0129 | "0121 |:0111 |:0105 | -0100 | 0097 | "0095 | 8:86 | -0234 | -0220 | “0209 | -0191 | -0181 |*0176 |:0172| 55 
60 | "0131 | “0122 | “0112 | 0106 | 0101 | “0098 |-0096 | 8-75 | "0238 |:0222 | -0204 | -0192 | -0183 | “0178 | -0174 || 60 
65 | :0182 | “0123 | 0113 | 0107 | "0102 | “0099 | 0097 | 9-09 | "0240 | -0223 | 0205 | “0194 | 0185 | 0180 |-0176 | 65 
70 | 0133 |:0124 |:0114 |:0108 | “0108 | 0100 | -0097 | 9-43 | -0242 | -0295 | -0207 | “0196 | “0187 | 0181 |-0176 || 70 
75 || 0134 | 0125 | 0115 | :0109 | -0104 | -0101 |*0098 | 9:77 | :0244 | -0227 | “0209 | -0198 | 0189 | -0183 |:0178| 75 
80 | "0135 | -0126 | 0115 | 0109 | 0104 | “0101 |:0099 | 10-1 | "0245 | -0229 “0209 | -0198 | 0189 | 0183 | -0180 || 80 
5 | 0186 | "0127 |0116 | -0110 | 0105 | 0102 | -0099 | 10-4 ||:0247 | -0230 | 0210 | -0200 | -0191 | “0185 | -0180 || 85 
90 || :0187 :0197 | "0117 | “0111 | -0106 | -0102 | -0100 | 107 | -0249 |-0230 | 0212 | -0202 | “0199 | “0185 |-0181|| 90 
95 | 0138 | “0128 | “0118 | “0111 | 0106 | “0108 | “0101 || 11:0 ||:0250 | 0232 | 0214 | -0202 | 0192 | 0187 |-0183 || 95 
100 | "0189 | 0129 | “0119 | 0112 | 0107 |:0104 | *0102 | 11:3 | 0252 | -0234 | -0216 | -0204 | -0194 | "0189 | -0185 | 100 
110 | :0140 | -0130 | :0119 | “0113 | "0108 | 0105 | -0103 | 11:8 ||:0254 | -0236 | -0216 | “0205 | “0196 | “0191 | -0187 || 110 
120 | :0142 | 0131 |:0120 |0114 | “0109 | -0106 | “0104 | 12:4 |:0258 “0298 | -0218 | -0207 | 0198 | 0192 | -0189 | 120 
130 | 0148 | 0132 | 0121 | :0115 |:0110 | “0107 | "0105 | 12-9 |:0260 | -0240 | -0220 | -0209 | -0200 | “0194 | -0191 || 130 
140 | "0144 | -0132 |:0122 | -0116 |:0111 |-0108 | -0106 | 13-4 |:0262 | -0240 | 0222 | -0210 | -0202 | “0196 | -0192 | 140 
150 || "0145 | “0193 | “0128 | 0117 |:0112|:0109 | 0107 | 18:8 ||:0268 | -0242 | :0223 | “0212 | -0204 | 0198 | 0194 | 150 
160 |:0146 | -0134 |:0124 |:0117 | 0113 | 0110, 0107 | 143 |:0265 | -0244 | *0225 | -0212 | -0205 | -0200 | -0194 || 160 
170 | 0147 | 0135 | -0125 | "0118 | -0114 | 0111 | -0108 1147 || 0267 | -0245 | 0227 | -0214 | 0207 | -0202 | -0196 | 170 
180 |-0147 | 0135 | -0126 | -0119 | 0115 | 0112 | -0109 | 151 || 0267 | 0245 | -0229 | -0216 | -0209 | “0204 | 0198 180 
190 | “0148 | 0136 | -0126 | -0120 | -0115 | “0112 |-0110 || 15:6 || -0268 “0947 | -0229 | -0218 | -0209 | 0204 | -0200 || 190 
200 || 0149 | 0137 | "0127 | :0121 | -0116 | *0113 | "0111 || 16-0 ||:0270 | -0249 | ۰0230 | "0220 | -0210 | 0205 | 0202 || 200 
| FIN | | 

The capacities given above are the capacities For a single-phase transmission line, for 

between one wire and neutral point (7.e., point a given distance between conductors, the 

of zero potential). For single phase the dis- charging current is slightly greater than for 


tance to neutral point is only 866 as great 
for a given distanee between conductors, and 
hence the capacity per conductor is slightly 
greater. 

The capacity for any relative arrangement 
of the wires will not differ greatly from the 
values above given. 


a three-phase transmission line, per kilometre 
of length of line, at a given periodicity and a 
given voltage between conductors and a given 
diameter of conductor. 


The influence of the earth on the capacity of aerial lines may generally be neglected. 


Hence resistance per conductor = 22:9 ohms. 
Hence reactance per conductor = 35°3 ohms. 


Charging current for conductor at 40,000 volts = 4 x 100 x 0:0189 = 7:55 
amperes. 
8,000,000 


291,000. 095 


Тоба full load спттепбрегрһавеіог0:9 Р.Е. оѓ delivered energy = 


145 amperes. 
Energy component of full load current = 180 amperes. 
Wattless component of full load current = 68 amperes. 
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Combined reactance voltage of step-up and step-down transformers = 0:06 x 
23,100 = 1,390 volts. 
| 1890 

Reactanee = = = 107 ohms. 

Reactance of line plus transformers = 85:8 + 107 = 46:0 ohms. 


Voltage required for sending charging current through line resistance = ще x 
m ШЕ 86:5 = 0 с. 


Voltage required for sending charging current through reactance = E. x 460 


Et = са. 
| Voltage required for sending energy current through line resistance = 130 x 
229 = 2 080 — dé. 
| Voltage required for sending energy current through reactance = 180 x 46:0 = 
2,000 = e f. 
| Voltage required for sending lagging wattless components through line resistance 
[368 X,.22°9 = 1,440 = f g. 

Voltage required for sending lagging wattless component through reactance = 63 
ІК 46:0 = 2,900 = g h. 

These are plotted in the following diagram :— 


23.100 


ind from the relative lengths of the lines ah and a b the necessary voltage at the 
yenerating end is found to be 29,100. 

. ог unity power factor of the delivered ener¢ су, the components f g and gh 
become zero, and the diagram becomes as follows :— 


26.600 


23100 b е 


he voltage at the generating end being but 26,600, for obtaining 23,100 at the 
‘eceiving end. 
In the next diagram the Р.Ғ. is taken at 0:95. For this value Ше wattless com- 
ponent of the load current is 45°5 amperes. 
Hence fg = 45°5 x 92:9 = 1,040 volts. 

gh = 455 х 46:0 = 2,090 volts. 
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The diagram for Р.Е. = 0°8 is next given :— 


115 amperes. 


In the curve in Fig. 145 there are plotted 
against the power factors the voltages required 
at the generating end of the line in order to 
maintain a constant voltage of 23,100 volts per 


phase 


79 = SU 2210 
gh= 87 х 460 


30.200. 


1,990 volts. 
4,000 volts. 


23.100 
For a power factor of 0:6, Ше wattless component of 


ipo = ODDO 
gh 


(40,000 volts between lines) at 


receiving end of the line. 


The writers arrived at the method above 
described while endeavouring to simplify and 


Volts per Phase at Generator. 


0 01 02 0-5 04 05 06 07 08 0-9 Го 
Power Factor of Load, 
Fig. 145. CURVE SHOWING VOLTAGE REQUIRED АТ 


GENERATOR FOR 23,100 VOLTS PER PHASE AT 
RECEIVING Ехо WITH DIFFERENT POWER Factors. 


115 х 460 


2,640 volts. 
5,800 volts. 


the received current is 


the 
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Fig. 1454. 
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6"x5' Timbers, Dressed 
to 534 e 4541 


New York CENTRAL RAIL- 
WAY: PLAN, ELEVATION, AND SECTIONS 
OF РогЕ FOR TRANSMISSION LINES. 


6х5” Yellow Pine. 


Top of Foundation 6above 
Base of Rail in бий 

Тор of Foundation 6* 
below Base of Fail on Fill 


No.3 Annealeg Solid Copper 
Wire Connection to Groüna 


Elevation 


to render more useful for every-day work the methods described by Perrine and 
Baum in their paper read before the American Institute of Electrical Engineers on 
May 18th, 1905, and can, therefore, only claim originality with respect to the more 
general applicability and simplicity which they believe has been attained. 
Fig. 1454 is a drawing of a typical steel tower for supporting overhead high 
tension transmission lines. This tower is the standard employed by the New York 
Central Railway for the overhead portion of their transmission line. The tower 
| is of latticed steel structure set in a bed of concrete. The cross arms are of yellow 
| pine and the conductors spaced 36 inches apart. The poles are spaced 150 ft. apart 
| on the straight and closer on curves, according to the radius. The insulators are 
| mounted on steel pins. ‘The transmission is at a pressure of 11,000 volts. 
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Chapter VII 


THE SUB-STATIONS 


OR railways employing alternating current motors on the cars, the sub-stations, 
where employed, are equipped with stationary (or static) transformers, i.e., with 
voltage-transforming apparatus not comprising any rotating parts. Where the 
voltage employed at the generating station for such railways is sufficiently low, the 
sub-stations are sometimes dispensed with altogether, and the voltage is transformed 
to the still lower value required by the motors, by means of transforming apparatus 
carried on the car or train. Indeed, in the course of the Berlin-Zossen tests, a loco- 
motive was tested equipped with polyphase motors wound for a pressure of 10,000 volts, | 
enabling voltage-transforming apparatus to be dispensed with altogether. As we shall 
see in a subsequent chapter, the single phase commutator motor, as at present developed, 
requires a rather low pressure at its terminals; hence transforming apparatus is 
employed on the car or train, in order to reduce the voltage on the rail or trolley from 
the customary 3,000 to 6,000 volts or higher, to some 250 volts at the motors. 
All further allusions to alternating current systems, so far as relates to sub-stations, 
will, however, be reserved for the sections dealing with these systems in subsequent 
chapters. 
In the present chapter we shall discuss the sub-station as employed in the three- 
phase, continuous-current system at present so extensively employed in electric traction. 
As regards the equipment of sub-stations of this class, there arises the questio 
of the type of transforming apparatus to be employed. We have the choice of two 
thoroughly reliable types. In the first the voltage is reduced from that of the high 
tension transmission line to a low voltage, by ordinary step-down stationary transformers. 
These step-down transformers are generally either of the air blast or of the oil-immersed, 
water-cooled type. In some cases, instead of the latter type, oil-cooled transformers 
are employed, the water-cooling system being dispensed with. 
The low voltage current from the secondaries of the step-down transformers 
is next led through potential regulators to the alternating current, side of rotary 
converters. These rotary converters may be either of the quarter-phase, three-phase, 
or six-phase type. Six-phase rotary converters are now almost invariably employed. 
The great advantages which six-phase rotaries possess over three-phase rotaries 
have been known for a number of years," but the earlier roads had been equipped 
with three-phase rotaries, and it is only very recently that the conservatism and 
inertia which led to a continuance of their use has been largely overcome. Most 
new undertakings are using or arranging to use six-phase rotaries. 
From the commutator (continuous-current) side of the rotary converters, the 
current, generally at from 550 to 650 volts, is led to the conductor rail or trolley. 


1 See the authors’ treatise on “ Electric Machine Design,” Part III. (Engineering, 1906). 
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| There are many points in favour of the alternative plan of substituting motor- 
| generators for the above-described system of step-down transformers, potential 
| regulators, and rotary converters. 

{ When motor-generators are used, the current is supplied at the voltage of the 
| high tension transmission line direct to the terminals of a synchronous motor 
| Bui is direct-connected to a continuous-current generator which supplies current 
| at from 550 to 650 volts to the conductor rail or troley. Generally, as above 
| stated, the current is supplied to a synchronous motor without the interposition of 
| step-down transformers. Where, however, the voltage employed оп the high 
| 
f 


| THE SUB-STATIONS 
| 
| 
| 


tension transmission line is greater than 12,000 volts, step-down transformers are 
generally employed. It is also highly probable that induction motors will be 
| employed to a greater extent in future for driving the continuous-current generators. 
| Where some of the motor-generator sets employ synchronous motors, and others 
| employ induction motors, the lagging current of the latter may be offset by over- 
exciting the synchronous motors and thus causing them to absorb a leading current, 
| so that the resultant current from the generating station and in the high tension 
| transmission line may be in phase with the voltage. In like manner the resultant 
current may be adjusted to lead the voltage in phase, and this will occasion a rise 
of voltage, on the transmission line if the over-excitation and the line inductance 
| be sufficient, and will, with less over-excitation or line inductance, tend to partly 
offset the I.R. drop on the line. 

| Not only may we thus, in a system employing motor generators at the sub-station, 
| very readily control the voltage, but even when such voltage control is inexpedient the 
continuous-current voltage supplied by the generator member of the motor-generator 
set will be altogether independent of variations in the alternating current voltage. 

This continuous-current generator will be in all respects the equivalent of a 
-continuous-current generator direct-connected to an engine with the same 
percentage speed regulation as that of the large steam engines at the generating 
station. The sub-station continuous-current generator may be shunt-wound, or it 
may be compounded for constant terminal voltage at all loads, or for a voltage 
increasing with the load. The amount of loss in the high tension transmission 
line has no influence upon its operation. One may, and, in long distance transmission, 
must, from economical considerations, have 20 per cent. E drop, or even 
higher, in the high-tension line, and yet may have just as perfeet voltage regulation 
at the commutator of the continuous-current generator as could be obtained with 
5 per cent. drop or less. Thus, in a case where motor generators are employed, 
one will expend just so much for transmission cables as to obtain maximum economy 
when estimated on the basis.of the interest on this capital outlay for cables and the 
cost. of producing the energy dissipated in the transmission line. But when rotary 
converters are used, it becomes practically impossible to obtain satisfactory automatic 
control of the commutator voltage with more than 5 per cent. to 10 per cent. 
resistance drop in the high-tension line, and a thoroughly excellent result is only 
to be obtained by a very low resistance drop. Hence a successful plant with rotary 
converters in the sub-stations, only becomes economically possible where the 
length of transmission is not great, or where, in order to obtain a sufficiently low 
| line drop, a-higher voltage is employed for transmission than would be required for 
the operation of motor generators. These considerations have generally not been 
[Buficiontly emphasised in comparing the two systems. They corroborate the 
| generally aecepted view that the use of rotary converters is attended with higher 
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efficiency in operation than is the case where motor generators are used. But they 
are at variance with another generally accepted conclusion, namely, that a lesser 
first cost may be attained by the use of rotary converters. This may often be - 
the case for short distances, but for other conditions the greatly increased outlay | 
necessary for cables will generally lead to the opposite result. The question resolves 
itself for any given case, into comparing the slightly greater interest on capital 
expenditure when rotary converters are used, against the cost of operation with 
motor generators. For conditions where this comparison shows little to choose 
between the two systems, motor generators should be employed on the score of their 
great superiority in convenience of operation. 

In order to demonstrate the soundness of this position, the properties of these two 
types of apparatus will be examined.’ 
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Fig. 146. Fig. 147. Fig. 148. 
Figs. 146, 147, and 148. PHASE CHARACTERISTICS OF HYPOTHETICAL SYNCHRONOUS Morors. 


Consider the case of a hypothetical synchronous motor and transmission system 
for which the following assumptions would hold :— 

(1) No reactance in armature ; 

(2) No resistance in armature ; 

(8) Constant voltage at collector rings. 

The phase characteristics of such a motor would resemble the curves of Fig. 146, | 
where a given constant field excitation corresponds to minimum current input for ай | 
loads, i.e., to unity power factor for all loads. 

Suppose next that assumptions 2 and 8 still hold good, but that the armature has | 
reactance. In proportion to the magnitude of this reactance the curve of field 
excitation for unity power factor will bend toward the right, as shown in Fig. 147. 

Should, on the other hand, assumptions 1 and 8 hold good, but should allowance | 
require to be made for the resistance of the armature windings, Fig. 146 would be _ 
modified in the manner shown in Fig. 148, the curve of field excitation for unity power | 
factor sloping to the left. A 

If instead of the third assumption, to the effect that there is constant voltage at ў 
the armature terminals of the synchronous motor, there is а drop of voltage in the 
line proportional to the load on the motor, the curve will be modified in the same way 
as by resistance drop in the armature, and the slope to the left will be greater the 
greater the line drop. If the arrangements should be such that the terminal voltage 
increases with the load, the effect would be to reduce the slope to the left occasioned by 

1 Most of the material on pp. 174 to 188 is reproduced with the kind permission of the Electrical | 
Review, from an article by one of the authors, and entitled “ Motor Generators and Rotary Con- 
verters," Vol. LIIT., pp. 519—521, pp. 528—529, pp. 607—609, and pp. 647—650. 
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| he armature resistance, or, with sufficient rise in terminal voltage, to bring the line back 
о the vertical, or even to swing it over to a slope to the right. Now, when a continuous- 
current generator is directly driven from such a synchronous motor, the commutator 
Ше», according to the method and adjustment of the excitation, may automatically 
ecrease, remain constant, or increase with the load, and this source may be employed 
for the excitation of the synchronous motor. The net result from these considerations is 
that we may readily arrange, if necessary, by series coils in addition to shunt coils,! for 
a synchronous motor to be automatically excited with field currents suitable to secure 
practically unity power factor at all loads. This is the condition for a minimum loss of 
energy in the high tension transmission line, and for a minimum outlay for copper. 
| Ме may illustrate this by a practical ease. Let a three-phase synchronous motor 
be direct-connected to a continuous current generator of 800-K.W. rated output, com- 
ounded for a terminal voltage of 500 volts at no load, and 525 volts at full load. At 
89 per cent. combined efficiency for the set, the synchronous motor will absorb 
| 800 _ 
| 0:89 = 900 K.W. at full load. 
The motor has an external stationary armature with Y-connected windings, fed 
over a three-core cable direct from the central station, no other apparatus being 
supplied from this cable. The central station voltage is maintained constant at 5,800 
volts, and at full load of the synchronous motor at unity power factor, the drop in 
wansmission line plus armature resistance is 10 per cent. per phase, the voltage at 
;he motor (considering the armature resistance to be transferred and added to the line) 
thus falling from 5,800 volts at no load to 
7 5,800 x “90 = 5,200 volts 


at full load. 
The voltage per phase in the armature is 
5,800 — 
"eg = 9,950 volts at no load, 
5,900 
and | 178 
The current per phase is thus 
900,000 

9 х 8,000 
Let the slots and windings of the synchronous motor be so proportioned that at 
00 amperes the reactance voltage per phase is 1,000 volts, and let the combined 
armature strength of the three phases amount to 4,200 maximum ampere turns per 
Dole. Let the field excitation required for 5,800 terminal volts at no load, equal 7,000 
mpere turns per pole. . 
The first step is to find the field excitation corresponding to 100 amperes per 
ohase at unity power factor and 5,200 terminal volts. 
We will take into account the saturation by estimating the no load ampere turns 
‘or 5,200 terminal volts, at 


= 3,000 volts at full load. 


= 100 amperes at full load. 


0:96 S200 7,000 = 6,000 re tur 
x 5,800 ЖАТТЫ == (0) ampere turns. 


The armature demagnetisation, at 100 amperes and unity power factor, amounts to 


sin | tan ^! 22000 x 4,200 = 0°32 х 4,200 = 1,850 ampere turns. 


1 In cases where а compound-wound synchronous motor would be required, the armature 
ould have to be of the internal revolving type. 
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3 

Hence at full load of 100 amperes input, and 5,200 terminal volts, the excitation 
required for unity power factor would be | 

6,000 + 1,350 = 7,350 ampere turns; 3 
and to obtain approximately unity power factor from no load to full load, the field: 
excitation should automatically increase from 7,000 to 7,850 ampere turns рег pole, 
that is, by 5 per cent. | 

This corresponds to the over-compounding provided for the direct-connected | 
continuous-current generator (500 volts at no load up to 525 volts at full load); hence- 
the excitation of the synchronous motor may be provided from that source, and an 
automatic control of the power factor at approximately unity, will be obtained for all: 

loads. ОЁ course it is by no means necessary | 

M to obtain so close an agreement, since a very: 
considerable deviation from the correct excita- 
tion will not occasion more than 1 or 2 per cent. | 
deviation from unity power factor. It is evident | 
that by designing a synchronous motor with suit- - 
able armature inductance, armature strength, ~ 
resistance, and degree of saturation, it may be 
arranged for automatic operation at practically 
unity power factor for any reasonable value _ 
of line drop and of over-compounding of the 
continuous eurrent generator which it drives. : 

Although the constants of the synchronous 
motor used for illustrating this explanation 
were chosen at random and are in no sense put 
forward as representing an ideal or even care- | 
fully considered design, it may be of interest to | 
plot its estimated phase characteristics when | 
we Operated under the conditions set forth. These | 
are given in Fig. 149 for no load, half-load, | 
Fig. 149. Рназк OWARACTERISTIOS OF and full load. The curve passing through the | 

ие о. FOR 900 КУ. minimum points corresponds to unity power | 
"rise factor, but excitations corresponding to any | 

part of the shaded area shown will give at least 0-99 power factors, thus permitti 
at full load a total range of variation of the excitation of about 20 рег cent., so that 
would not be worth while to modify the design of the synchronous motor for the sa 
of obtaining better conditions in this respect, even for very different line constant | 
or requirements as to over-compounding of the continuous current generator. 

The characteristic curves of Fig. 149 were estimated on the basis of the armatures 
magneto-motive force being equivalent to that of the field spools in the proportion 0 

1 root-mean-square ampere turn per pole per phase, 
representing а resultant armature strength per pole capable of replacing 

1х 4/2x = 2:88 ampere turns per field spool, Gg 
this being a proportion experimentally verified by an analysis of a number of three- E 
phase machines of a wide range of designs. : 

It should not be necessary to follow up this investigation any further so far as | 
concerns demonstrating that, with any line loss that could be economically permitted, 
synchronous motors with automatic control for high power factor may be satisfactorily 
employed to drive continuous current generators, which latter, with any range 

176 . 


5 
o 


P 

(525524 
5 
Я 


8 


R.M.S. Amperes Input per Phase 


j 5 
EX 
ох 
1 

5 3 


b 


2 
o 

SPINE OT 
S 


29244 


PMA 90. 
a A 
204 


<<< 
eri 
< 


ا 


2000 4000 ‚6000 8000 1000 0 T4000 
Field excitation in Ampere Turns per Spoo! 


TEE SUB-STATIONS 


compounding within customary requirements, may serve as supply for the synchronous 
| | motor's field excitation. 

It will now be demonstrated that with rotary converters, a very different state of . 
‘affairs exists in this respect. 

An analysis of the observed no-load phase characteristic curves of a number of 
three-phase rotary converters of a wide range of ratings with respect to the outputs, 
speeds, periodicities, and voltages, yielded as an average result for estimating the 
effectiveness of the armature magneto-motive for replacing the field magneto-motive 
‘force the following rule :— 

“When in a rotary converter the magneto-motive force is derived from the armature 

winding itself, in virtue of the wattless component of the alternating current entering the 
jarmature, a root-mean-square (В.М.8.) value of the armature ampere turns per pole-piece 
| per phase, pic outed by 1:00, equals in effectiveness a field excitation of 2°15.” 
The expression “ six-phase rotary converter" is slightly misleading. It would be 
| better described as a three-phase machine with six slip-rings. For the purpose of this 
| discussion it is immaterial whether it is distinctly kept in пада that the machine has 
‘six rings, and it will be convenient to denote by Y current the current equivalent to 
(опе branch of the Y in a Y-connected synchronous motor of the same capacity and 
|voliage.! Similarly, by Y voltage will be denoted the voltage from the common 
connection to any one terminal of such an equivalent synchronous motor. 

Thearrangement of the armature slots and windings, and the general proportions of a 
rotary converter, are such that it has a comparatively small reactance, and in the following 
investigation the effect of the reactance has been neglected in the interests of simplifying 
the necessarily very tedious work. The conclusions are not thereby appreciably affected. 

A little consideration will suffice to show that so far, as relates to obtaining satis- 
actory automatic regulation of the commutator voltage by means of phase regulation, 
there should be employed a comparatively weak armature expressed in armature 
ampere turns per pole, low saturation, and low armature resistance. ‘hese conditions 
ead to much more liberally proportioned rotary converters than would otherwise be 
necessary. But in order not to make out too unfavourable a case for the rotary con- 
erter, from the standpoint of regulation by phase control, the estimations have been 
ased upon a machine with these features, and therefore of decidedly liberal proportions. 

In Table ПУП. are set forth the data assumed for the rotary converter :— 


Taste LVII. 3 
Data of 600-K.IV. Rotary Converter. 
Rated output . j : : : А . 600 K.W. 
Commutator voltage 2 : А Ў . 600 volts. 
Number of poles . : : : c. WE 
Periodicity in cycles per Байон : ` л 25; 
Speed in revolutions per minute . ; . 250. 
Internal voltage at full load 99 : . 613 volts. 
* Full load current . 2 . 1,000 amperes. 
Full load efficiency at unity pune їй: . 96%. 
TES Y voltage — го бе = Р 2 . 218. 


1:78 
1 In the case of a rotary converter with three slip rings, this is the current per slip ring; for the ` 
Se of six slip rings it is twice the current per slip ring. In both cases, the alternating current 
mponent of the total current per armature conductor, is equal to this Y-current divided by V3 and 
у the number of pairs of poles for а multiple-circuit single winding, or by 2, independently of the 
ber of poles, for a two-circuit single winding. 
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At unity power factor the Y amperes input are equal to 


600,000 
0:96 х 8 x 218 


= 980 amperes. 


The armature winding is of the twelve-cireuit single type. 
The alternating current component of the resultant current per armature conductor, | 
at full load and unity power factor, is equal to 


980 


178 x 6 =, 940 ашрегев. 


The assumed saturation curve for this machine is given in Fig. 150. This shows 
for 618 internal volts 8,900 ampere turns per field | 
spool, and for 600 volts 8,600 ampere turns. 

Hence the ordinates of the full load charac- | 
teristic for the point of minimum current (ш | 
power factor) are 


= 980 amperes and 8,900 ampere turns. 
© The machine has 60 segments and 60 turns per | 
E pole, consequently 20 turns per pole per phase. To | 
Е replace 8,900 ampere turns per field spool, the 
à armature current required is 
SUO aute 208 Е г ar 5 duet 

Р 3d5 x 30 = amperes per armature conductor. 

АТЫЛА онто РР This corresponds to a total wattless current 
Fig. 150. SATURATION CURVE OF input at 
А 600-x.w. ROTARY CONVERTER. зып x 980 = 2,170 amperes per phase. 


Hence for zero field excitation and full load output the total current input is | 
equal to 4 
980? + 2,170? = 9,380 amperes. 


By determining in a similar manner the armature current required to replace 


not the whole excitation, as in the above example, but portions thereof, the values i ши 
Table ТУШ. have been derived :— 


TABLE LVIII. 


Amperes Input to Rotary Converter with Varying Field Excitation, at Full Load Output. 


Voltage at Amperes Output Field Excitation in Y Amperes Input 


Commutator. from Commutator. Ampere Turns. per Phase, 
600 1,000 0 2,380 
600 1,000 3,000 1,760 
600 1,000 6,000 1,200 
600 1,000 2 8 9008 980 
600 1,000 11,900 1,200 
600 1,000 14,900 1,760 
600 1,000 17,900 2,380 
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| Calculations at other loads give the results in Table LIX. for the amperes input 
рег phase at varying excitation :— 


Taste LIX. 
Amperes Input to Rotary Converter with Varying Field Excitation for various Outputs. 


| 
| 
| 
| 
i 
| 
| 
| 
| 
| 


| Ашреге Turns Field Exe. for Following Continuous-current Outputs. | Y Amperes Input. 
а | 

2 ЗЕРЕ БЕЙНЕГЕ 

Е ея әз ez Ss ея ен 22 SEN aes | a= sas 

ез | 88 | SA | SA за | &з | за | РД Es БЕНЕЕ EEE ЕР 
PO 8 E Во tais aie Еа отты да 18E BE eê РЕ 
< а | < < < < < 4 55 525 2368 |8 = 556) 
Фо | пос | зоо | оо © “ОО | 
| | | | | | 

0 0 0 0 0 0 0 0 | 2,140 | 2,180 | 2,240 | 2,290 | 2,380 | 2,540 | 2,690 | 2,860 


| 3,000’ 3,000! 3,000 3,000} 3,000] 3,000) 3,000] 3,000/ 1,400 1,440] 1,520 | 1.628 | 1,760 | 1,920 2,090 | 2,300 
| 6,000} 6,000] 6,000) 6,000] 6,000] 6,000| 6,000] 6,000. 650) 720| 890 1,010 1,200 1,390 | 1,630 1,880 
| 8,600) 8,690) 8,780) 8,870) 8,900] 9,040) 9,130] 9,210. 40) 255) 485 715 980 1,190 1,435 1,700 
111,200 | 11,380 | 11,560 | 11,740 11,900 12.080 | 12,260 | 12,420| 650| 720) 890 1,010) 1,200 | 1.390 | 1.630 1.880 
114,200 | 14,380 | 14,560 | 14,740 | 14,900 | 15,080 | 15,260 | 15,420 1,400 | 1,440 | 1,520 | 1,628 | 1,760 1,920 | 2,090 2.300 
17,200 | 17,380 | 17,560 | 17,740 | 17,900 | 18,080 | 18,260 18,420 (2,140 2,180 | 2,240 | 2,290 | 2,380 2,540 | 9,690 2.860 


These values are plotted in the curves of Fig. 151. Тһе points at which the broken 
line a, b intersects the various load charac- 
teristics, correspond to the values of the total 
exeitation automatieally obtained when the 
shunt winding is adjusted to supply a 
constant excitation of 6,000 ampere turns, 
nd the series winding to give 8,850 ampere- 
urns at the full load output of 1,000 
mperes, this being 64 per cent. compounding 
at full load. This adjustment corresponds 
0 unity power factor at three-quarter load. 
he excitations at the different loads for the 
achine thus adjusted are given in Table LX. 


TABLE LX. 


У-атрегез input per phase. 


djustment with 64 per cent. Compounding at 
Кий Load, and for Unity Power Factor at 
75 per cent. of Full Load. 


er cent. of Total Excitation in Ampere 
Full Load. Turns per Pole. 


0 : : o я с 6,000 
25 per cent. . с : : ; 6,960 


50 7,920 0 2000 4000 6000 8000 10000 12000 14000 16000 18000 
22 б ч E р E ? Field excitation in Ampere -Turns per pole 
75 3i с 5 : 2 5 8,870 


0 (MN V cpu es Es Fig. 151. CURVES SHOWING AMPERES INPUT 
150 * г : 5 : . 11,750 PER PHASE AT VARIOUS Loaps OF А 
ШЫ „ 2 5 3 : . 12,700 600-K.w. ROTARY CONVERTER. 


In Table LXI. are given the corresponding total amperes input per phase, the 
nergy component, and the wattless component, together with the efficiency and the 
ower factor at all loads. 
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Taste LXI. 


Rotary Converter adjusted for Unity Power Factor at Three-quarter Load and 64 per cent. 
Compounding at Full Load. 


о и 1 | Watton EN 
Е рәр ey DEDE Component of | Component of | Power Factor. 
Отиш Вот | Botey, | Converter” amperes Input, | Amperes Tapat. E 
0% 0% 640 25 640 0:039 6,000 
25 % 88:0 % 495 255 425 0:515 6,960 
50 % 94-2 % 580 485 212 0:915 7,915 
75 96 95-4 % | 720 720 0 1:00 8,870 
100 95 96:0 96 990 970 195 ' 0:980 9,830 
125 95 95:4 % 17955 1,190 400 0:950 10,790 
150 95 94:6 95 1,570 1,440 615 0:920 11,750 
[75495 93:5 % 1,910 1,700 872 0:890 12,700 
200 96 92:0 % 2,300 1,980 1,175 0:860 13,650 


The curves in Fig. 152 (facing p. 182) are plotted from the results set forth im 
Table LXI. 1 
The next step is to investigate the performance of the rotary converter when thus 1 
adjusted. Тһе rotary converter is во be operated from the secondaries of transformers” Е 
whose primaries are fed over a high tension line. But for convenience of calculation Ше 
resistances and voltages will be reduced to Ше equivalent Y voltage of the rotary converter. 

At no load, the Y voltage at the slip-rings of the rotary converter is 

600 x 0615 — 918 Volts. 
“8 | 

First assume that in transmission line, step-down transformers, and rotary соп- 
verters, the equivalent resistance and the equivalent reactance are each equal to 001 
ohm per phase. It is required to determine the voltage at the central station in order | 
io obtain 600 volts at the commutator at no load. From Fig. 151 the input per phase | 
is found to be 640 amperes and is practically wholly wattless. Hence 
| Reactance voltage per phase = 640 x 0:01 = 6:4 volts. 

Resistance ,, 5 » =-640 x 0:01 = 64 , 

Constructing the diagram in Fig. 153, the “ equivalent” voltage at the generating 
end of the line is found to be equal to 219'5 volts. ша 

2. At 219°5 volts at the generating end of the line, the no load commutator volt 
age is equal to 600 volts. 

In Fig. 154 is given the corresponding diagram for half-load, the potential at the 
generating end being maintained constant at the value of 219°5 volts derived at no 
load. From the phase characteristic at half-load in Fig. 151, the total current inpul 
per phase is found to be 580 amperes, and the minimum value of the curve, 485 
amperes, is the energy component. Hence the wattless component is equal to 

4/580? — 4852 = 212 amperes. 

The four component voltages obtained as the products of these component 
currents with the reactance of 0°01 ohm per phase and the resistance of 0°01 ohm per - | 
phase are— | | 


485 x 001 = 4°85, 
485 x 0:01 = 4°85, 
219 Xx OO — 9719, М 
219 x 0:01 = 2°12, 
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" these are plotted in the diagram of Fig. 154, whieh shows that the Y voltage of the 
rotary converter has fallen from 218:0 volts to 212°3 volts, so that the commutator 
voltage is 
| 2123 600 = 598 volts. 
| 21870 

| The diagrams in Figs. 155, 156 and 157 have been similarly derived for three- 
quarter load (when the current is in phase), and for 50 per cent. and 100 per cent. 
overloads (at which values the current leads). 

These results are brought together in Table LXII. 


| 


Y-voltage at rotary converter = 213-0 volts . 6-4 volts 4 
P, 64 volts ig. 153. | No Load. 


" Equivalent" Y-voltage at generating end of line =219-5 volts. 


“Equivalent” Ү- voltage at generating end of line = 219-5 volts. pl ares 


| 4 2:1 volts lig. 154. | Half Load. 
Y- voltage at rotary converter = 212-3 volts. Е 2: fes Е : 
" Equivalent” Y- voltage at generating end of line = 219-5 volts. Е писа, 


| у ний SL um 
| - volta 7-2 volts . . Quarter 
| voltage at rotary converter = 212-3 volts . | 7:2 volts Load. 


" Equivalent" Y- voltage at generating end of line = 219-5 volts. 


| 

| 6:2 volts Fifty 
Y- volta 62 volts Fig. 156. | per Cent. 

| Уе at rotary Converter = 2/0:4 14:4 volts Overload. 

| volts . 1 

| 14-4 volts 


" Equivalent" Y- voltage at generating end of line = 219:5 volts. 1.8 volts 


One 
11:8 volts | Fio, 157, | Hundred 
| са “| per Cent. 
98 volts Overload. 


Figs. 153—157. DIAGRAM FOR DETERMINING GENERATOR VOLTAGE AT VARIOUS LOADS. 
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Taste LXII. 
Variation in Rotary Converter Voltage with Varying Load. 


Total resistance per phase = 0°01 ohm. 

Total reactance per phase = 0:01 ohm. 

64 per cent. compounding at full load. 

Adjustment for unity power factor at three-quarter load. 
Equivalent voltage at the generating end of the line = 219°5 volts. 


Per cent. of Commutator 
Full Load. Y Voltage. Voltage. 

0 Я é 5 : 2 218:0 о с 3 : 2-52 600) 
25 per cent. : Е с -- : 5 3 > d — 
50 Ам” Е ОРНА Пе. м we 
75 a é 5 с ‹ 2128 - С t 5 5 598 
100 5 Е 5 5 д -- s: 6 Е 5 5 — 
125 55 5 2 5 : — А 5 2 5 5 — 
150 $5 4 В 5 Б 210:4 5 Я 3 А : 592 
175 S А с : с -- : : 5 5 с -- 
200 2 2 А 2 3 209:5 3 : 2 5 с 589 


In the same way ав for 0:01 ohm reactance per phase, values were obtained 
for 009, 0°03, and 0:04 ohm reactance per phase, all with 0:01 ohm resistance 
per phase. Then followed corresponding sets of calculations with resistances of 
0:02, 0°08, and 0°04 ohm per phase. The results of these calculations are given in 
Table LXIII. 


Taste LXIL: 


64 per cent. Compounding at Full Load, Adjustment for Unity Power Factor at 
Three-quarter Load. 


Commutator Voltage. 
Per cent. 
of Full 
Load. “01 701 701 "01 "09 ۰02 102 *09 = Ohm Resis e 
“01 “09 "03 "04 “OL "02 "03 "04 = Ohm Reactan 
0 600 600 600 600 600 600 600 600 
25 %, — -- - — = - = == 
50 % 598 610 620 682 588 596 “| 609 620 
75 % | 5975 615 681 645 576 594 610 626 
100 % = - - - EE = = = 
125 % = = — — — 25 == - 
150 96 592 | 621 650 676 547 578 605 628 
175 % = = — — — Ex == Rd 
200 2 қ 589 629 665 710 527 564 599 627 
с ted , В : ^ 4 * E 
Voltage, | 2195 | 225:9 | 232-2 | 9886 | 219-5 | 9950 | 2822 | 938-6 
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Efficiency and Power Factor 


Per Cent. of Full Load Curr. 
4 Per Cent.of Ful! Load Currentfrom Commutator 


Rotary Converter with 64 


nPhade 


Y-Amperes Input pe 


Shunt Wound Rotary Converter (1.е., 0 Compounding 


ROTARY CONVERTER. 
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TABLE LXIII.—continued. 


Commutator Voltage. 


Per cent. 
of Full Е 
Load. "03 103 “03 “03 104 "04 :04 “04 = Ohm Resistance. 
"01 :02 "03 "04 “OL "02 *03 "04 = Ohm Reactance. 
660 600 600 600 600 600 600 600 
5% | — = e = 
50 % 572 579 597 609 560 578 577 590 
ND 95 559 570 598 610 540 555 565 582 
100 96 -- = — — 
ПОА 2 
150 % 507 581 565 586 465 498 510 584 | 
175 % — = | 
| 200 % 465 495 588 555 402 482 458 475 | 
бое | 220-0 | 2948 | 988-5 | 0395 | 9908 | 9970 | 231-0 | 9878 


The results in Table LXIII. are plotted in the row of curves of Fig. 160, the whole 

group comprised in this row corresponding to an adjustment for unity power factor at 

three-quarter load, with 64 per cent. compounding at full load, the total full load 
xcitation thus consisting of 

| 6,000 shunt ampere turns per pole and 

3,830 series ampere turns per pole. 


The Effect of a Change in the Adjustment of the Compounding. 


Suppose the field excitation is so rearranged that it shall at no load give 7,000 
ampere turns, at three-quarter load 8,870 ampere turns, and at full load 9,500 

mpere turns, there thus being 36 per cent. compounding at full load. This adjust- 
ment is indicated by the broken line с d in Fig. 151, and corresponds to the values given 
n Table LXIV. for the amperes input per phase at various outputs, the energy com- 
onent, the wattless component, the efficiency and the power factor. 


TABLE LXIV. 


Rotary Converter adjusted for Unity Power Factor at Three-quarter Load and 
36 per cent. Compounding at Full Load. 


Бы! ыы | Input взе | Ее Wattless Excitation 
н Ч s Component of Component of Power Factor. IDEO Sanne 
Er сеща per Phase, | Amperes Input. | Amperes Input. C per Spool). 
0 (е 380 25 380 0:066 7,000 
25 95 88:0 % 370 255 266 0:680 7,620 
50 96 94:8 % 500 485 128 0:970 8,250 
75 96 95:5 % 120 720 0 1:000 8,870 
100 96 96:0 % 988 975 115 0:991 9,500 
125 95 . 95:5 9$ 1,215 1,190 244 0:980 10,120 
150 % 94-8 % 1,490 1,440 988 0:967 10,750 
175 9 98:5 96 1,775 1,700 510 0:957 11,870 
200 % 92:0 % 7772090 1,980 665 0:946 12,000 
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The results in Table LXIV. are plotted in Fig. 158 (facing p. 182). А set of results 
has next been calculated for the performance of the rotary converter with this new 
adjustment, when operated under the same conditions of reactance and resistance as 
when adjusted for 64 per cent. compounding. The results are compiled in Table LXY. 


صو یا ey‏ 


TABLE LXV. 


36 per cent. Compounding at Full Load, Adjustment for Unity Power Factor at 
Three-quarter Load. 


Commutator Voltage. у 
Per cent. 
of Full 
Load. “Ol "01 "01 "01 02 02 ۰02 02 = Ohin Resistance. 
"01 02 "03 *04 "01 702 "03 704 = Ohm Reactance. 
0 600 600 600 600 600 600 600 600 
25 % 
50 % 593 600 605 611 579 586 598 601 
М6 95 589 599 607 617 570 578 587 598 
100 %, - | В | 
125 % == = | E «e | 
150 % 578 595 609 622 | 587 558 565 578 4 
175.95 ДА. Ей a 
900 % | 570 581 608 615 | 509 528 540 551 
белегиюй 2168 | 92000 | 9244 | 9989 | 9168 | 2206 | 2244 | 998-9 


Commutator Voltage. 
Per cent. 
of Full 
Load. "03 “03 103 03 104 104 104 104 = Ohm Resistance, 
"01 "02 "03 "04 | ЕШ “02 “08 104 = Ohm Reactance. 
0 y 600 600 600 600 600 600 600 600 
25 % == = = НЕ == 
50 % | 565 572 580 586 | 558 560 566 575 
75 % 550 560 566 577 530 539 549 557 
100 % = ни چ‎ НЕ as = =: € 
125 % == == = — = 
150 % 495 512 528 585 454 468 480 498 
175 % = = = == = 
200 % 451 469 480 487 892 406 416 428 
бай 9169 | 220-7 | 9945 | 2988 | 9175 | 9209 | 2248 | 229-2 


The curves embodying the results of Table LXY. are to be found in the row of 
curves in Fig. 161, entitled “86 per cent. Compounding.” 


The Effect of Operating the Rotary Converter with Shunt Excitation alone. 


We shall next investigate the action of this rotary converter when shunt-excited, | 
and with 9,000 ampere turns, at full load, this giving unity power factor at full load 
and 980 amperes input per phase. 
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The straight line e f drawn in Fig. 151 through the points 
9,500 — 210 and 
| 9,000 — 980 
| gives, by its points of intersection with the characteristic curves at various loads, the 
values entered in Table LXVI. 


| 
| 


Taste LXVI. 
Notary Converter with Shunt Excitation, 


ùe., with 0 per cent. compounding, and adjusted for unity power factor at full load, 


е к Ащы |. mer Wattless Excitatio 
s VET ч Да Ве Component of Component of Power Factor. 2 - : 
боша | Convert, | ginger | amperes Input, | Amperes Input орт 

0 0% 210 25 208 0:119 9,500 
25 % 88:0 % 320 255 193 0-797 9,400 
50 % 94:3 % 508 485 140 0965 9,250 
75 96 95:5 96 725 720 70 0:994 9,150 

100 % | 96-0 95 980 980 0 1:000 9,000 
125 % 95:5 95 1,195 1,190 80 0:996 8,800 
150 96 94:8 95 ' 1,448 1,440 142 0:995 8,600 
175 % 98:5 % 1,710 1,700 200 0:994 8,400 
200 95 92:0 95 1,995 1,980 245 0:993 8,200 


The results in Table LXVI. are plotted in the eurves in Fig. 159, from which it 
is seen that for the rotary converter with shunt excitation there is practically no 
wattless component available for magnetisation and demagnetisation in regulation. 

For a resistance of 0:01 ohm and a reactance of 0:01 ohm per phase, and with 
222:6 volts at the generator, the regulation is as follows :— 


No load . . Commutator voltage = 632 
Full load . : 2 : H 33 1000) 
1 2 X full load - . 3 А 5 3 ж = 5602 


For a resistance of 0:01 ohm and a reactance of 0:04 ohm per phase and a 
generator voltage = 222°6 :— 


Noload . З 5 А . Commutator voltage = 660 
Fullload . d 8 + È 25 5. = 600 
2 х fullload . С Е 3 5 за = 557 


For a resistance of 0:02 ohm per phase, the values set forth in Table LXVII. 
were obtained. 


TasnE LXVII. 
Shunt Excitation and a Resistance of 0°02 Ohm per Phase. 


Ohm Reactance per Phase . c : 0:01 0:02 0:08 0:04 
Generator Voltage 2 5 З : 282 233 234 235°5 


Commutator Voltage. 


No Load . А 5 ^ 5 ғ З 668 678 696 725 
Full Load А 1 ; < А 600 600 600 600 
1°25 х Full Load . Я А А 5 -- -- -- 
15 x Full Load . А г А | -- -- 521 -- 
1:75 x Full Load . : : , | 546 527 — = 
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The values in Table LXVII. are plotted in the second group of curves of Fig. 162. 

The curves in Fig. 163 summarise the results for “64 per cent. compounding,” 
“36 per cent. compounding,” and for shunt excitation (i.e., no compounding). 

Taking the diagrams of Figs. 160 to 168 in vertical rows, those at the left correspond 
to low line resistance; and the further one goes towards the right the greater is the 
line resistance. The curves of the upper left-hand diagram, where the line resistance 
is low and the compounding high, are in striking contrast to those lower down and 
towards the right, where the line resistance is greater and the compounding lower. 

The results of this investigation, as brought together in the groups of curves of 
Figs. 160 to 163, afford ample evidence that only in cases where the distance of trans- 
mission is so short, the voltage so high, or the outlay for cables so great that a very 
low resistance per phase is obtained, can rotary converters be satisfactorily operated 
for automatic control of the commutator voltage for practically constant voltage at all 
loads, much less then for 5 per cent. or 10 per cent. higher commutator voltage at full 
load than at no load. Even with a low resistance per phase, it is necessary to provide 
large, expensive, and wasteful auxiliary reactance coils in order to obtain satisfactory 
voltage control by automatic phase adjustment, and for anything more than a very 
low resistance per phase, there is soon reached a value of the reactance beyond which 
it is ineffective in producing improved conditions in this respect. In fact, with shunt 


excited rotary converters, as may be seen from the curves in Fig. 162, and even with a | 


small percentage of series winding, reactance makes the regulation still worse. The 
curves also show the great importance of a large percentage of series winding from 
the standpoint of regulation of the commutator voltage by phase control. 


It must further be remembered that these estimations have been made upon a 
rotary converter of very liberal design. From any other standpoint than that of | 


regulation, a much cheaper design would have been permissible, but would, so far as 
relates to this feature of voltage control, have led to decidedly worse results. In 


consequence of the absence of armature reaction in rotary converters operated at unity | 
power factor, such a machine should, in the interests of an economieal design, be 
proportioned with a strong armature and with a magnetic circuit of small cross- | 


section; the saturation should also be high, as also the “nominal " current density 


in the armature conductors, because of the partial mutual neutralisation of the 1 
alternating current by the continuous-current components of the total current. All | 
these features have, however, to be partly sacrificed in the interests of phase control. 


Then, again, the weaker the series winding, the higher is the average power factor of 
a rotary converter operated in this manner. This may be seen by comparing the 
curves of Figs. 152, 158, and 159. Thus, again, we see that good automatic сош- 
mutator voltage regulation by phase control requires a poor power factor at all except 
a very narrow range of loads. 


Practical Application of these Principles. 


It should be of interest to apply these principles to a typical case, and as very 
complete data have been published! on the Central London Railway, this installation 
may be chosen for our purpose. \ 


Owing to the short distance of 6 miles from Ше power-house to the most remote | 
sub-station, the conditions are especially favourable to a fair showing for rotary | 
converters. Тһе original sub-station installation consisted mainly of six 900-kilowatt ' 


1 See Engineering, February 18th, 25th, and March 4th, 1898; Electrical Review, June 1st, | 


8th, 15th, 22nd, and 29th, 1900. 
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Fig. 163. Fig. 162. Fig. 161. Fig. 160. 
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36 Percent Compounding 
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rotary converters, twenty-one 800-kilowatt air blast transformers, with blower sets for 


circulating the air through them, and all necessary switchgear and auxiliary apparatus. 
These were located in three sub-stations, distant respectively 11, 81, and 6 miles 
from the generating station. The average distance is, therefore, about 34 miles. The 
high tension cable equipment for the whole plant comprised 80,200 ft. of lead- 
sheathed, paper-insulated three-core cables of a cross-section of 0:1875 sq. ins. of 
copper per core and 64,000 ft. of lead-sheathed, paper-insulated three-core cables of a 
cross-section of 0-125 sq. in. of copper per core. 

Taking the cost! of these two cables at £800 per mile and £600 per mile 


respectively, the total cost is made up as follows :— 


Cost for 0:1875 sq. in. cables 3959? x 800 . А : 5 . £4,620 
” ” 0:125 ” ” 55000 x 600 . . . . . 7,880 
£12,000 

88 per cent. for connections in power-house and sub-stations? . 4,000 
Total outlay for cables . А а 2 А 2 1 2 . £16,000 


or £30 per kilowatt rated output of rotary converters installed. 


Take the cost of the rotary converters at £2°5 per rated kilowatt, and of the air 
blast transformers and ventilating motors at £1 per rated kilowatt, and sub-station 
switchboards and gear at £1 per rated kilowatt of sub-station. 


j 6 x 900 x 95 В . £18,500 for six rotary conyerters. 
21 x 300 x 1:0 А . £6,300 for twenty-one air-blast transformers and ventilating motors. 
6 x 900 x 1:0 6 . £5,400 for switchboards and gear. 


While the above costs are made up from round figures, they are fairly 
representative of the market prices of that date. If one were to lay out a plant of 
similar capacity using motor-generators, two-thirds as great total copper cross-section 
in the cables would be ample, less subdivision of the cables would be necessary, and 
three independent cables from the power-house would give fully as great security as 
the four cables employed in the rotary converter installation. Hence the individual 
cables would have but slightly less cross-sections of copper per core, and the specific 
cost would be but slightly increased. The cost for cables thus becomes 1:03 х 067 
Х 16,000 = £11,000. 

Taking the cost of motor-generator sets as 75 per cent. higher than that of the 
rotary converters gives 

175 x £18,500 = £23,600 for motor-generators. 
The transformer item falls out. 

The outlay for switchboards and gear may be taken two-thirds as great per 
kilowatt, since the number of panels, switches, bus-bars, etc., may be greatly reduced 
and simplified. 

Outlay for switchboards and gear = 0°67 ж £5,400 = £3,600. 


Rough published data for cost of cables may be found in Appendix VIII. of Mr. O’Gorman’s 
paper on the “ Insulation of Cables” (4 Proceedings of the Institution of Electrical Engineers ” 
(1901), Vol. XXX., p. 680), in Mr. Earle’s paper оп “Тһе Supply of Electricity in Bulk" 
(* Proceedings of the Institution of Electrical Engineers" (1902), Vol. XXXI., p. 895), and in 
Mr. Stewart’s paper on “Тһе Influence of Sub-station Equipment on Cost of Electricity Supply” 
(“ Proceedings of the Institution of Electrical Engineers" (1902), Vol. XXXI., р. 1122). See also 
Chapter VIII., “Тһе High Tension Transmission Line.” 

- ? This percentage is high in the case in question, because of the very short distance between 
sub-stations. 


187 


ELECTRIC RAILWAY ENGINEERING 


TABLE OF COMPARATIVE Costs. 
Rotary Motor- 


Converters. Generators, 
High tension cables x ; : : . £16,000 £11,000 
Rotary converters А 5 Е Я pe 13,500 -- 
Motor-generators . Е қ -- 23,600 
Step-down transformers and EOS Bes . 6,800 = 
Sub-station switchboards and gear 5 5 5,400 3,600 


£41,200 £38,200 


Whether the interest on this 7 per cent. less outlay for the motor-generator scheme 
would offset the 3 per cent. to 6 per cent. lower efficiency of operation would require 
& careful analysis of the operating costs. 

Moreover, it is highly probable that a still less proportional initial outlay for 
cables would be permissible with motor-generators, if the interest on the saving 
justified the decreased economy in operation. Тһе cross-section of cables, во far as 
reliability in service is concerned, would be determined from the point of view of the 
permissible current density, or rather the permissible heating, and not from that of 
the permissible drop. 

It is by no means intended here to assert that in the Central London plant the 
use of motor-generators would have led to ultimate higher earning capacity ; but so 
much data has been given to the public on this particular plant as to permit of a fair 
comparison on the basis of published data. It serves to illustrate the basis on which 
a comparison should be made, and shows that with longer systems, requiring a greater 
proportional outlay for high tension cables, the balance tends towards showing an 
economic advantage to be gained by the use of motor-generators. 

To emphasise the importance of these considerations we propose to deseribe 
the case of an extensive tramway plant in a large city in South America in which the 
high tension cables installed were utterly inadequate for permitting of good automatic 
regulation of the voltage at the commutators of the rotary converters installed at the 
more distant sub-stations. The plant was provided with three sub-stations, A, B, and 
С, and the installation of rotary converters and cables, and the distances from Ше 
power-house to each of the sub-stations are set forth in Table LXVIII. 


Taste LXVIII. 
Some Data of a Rotary Converter Installation. 


Designation of sub-station . 5 А В С 
Number of 400-kilowatt rotary converters at each sub- 

station 3 3 3 
Number of rotary converters to be considered as reserve 1 1 1 
Number of three-core high tension (6,650-volt) cables 2 2 2 
Cross-section per core, square millimetres . Е : 30 30 30 
Length of each cable, metres Я В К Е . | 9,400 5,900 8,800 
Length of each cable in miles р ы 2:11 3°66 5:15 
Resistance per core at 15 degrees Centigrade 1 in ohms . 199 3°34 4:60 


The regulation was calculated for sub-stations A and C (с.е., for Ше nearest 
sub-station and for the most distant), under the assumption in each case that both 
cables in the sub-station were in service, that two out of the three rotary converters | 
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Full Load Voltages at Commutators of Rotary Converters. Rotary Converter Regulation Curves. 
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at each sub-station were running, and that the voltage at the generating station was 
maintained constant at 6,650 volts. 

In Figs. 164, 165, 166, and 167 the results have been plotted in curves. 

From these curves we see the futility of employing reactance coils in this case 
to improve the regulation. ` 

The compounding of the rotary converters had been proportioned so that at 
rated load some 25 per cent. of the excitation was supplied by the series coils. The 


obser ved and calculated no- 


load and full-load phase E 
ee eee 112217 


4- 


characteristics of the rotary 
converters are given in the 
curves of Fig. 168. А 
higher percentage of series 


employed at any rate in 
the rotaries іп the most 
distant sub-station, and at 
that sub-station a lower 
ratio of transformation in 
the step-down transformers 
would have been prefer- 
able. The only radical 
remedy for such a case, 1200 
however, consists either in 
substituting motor genera- 
tors or in greatly increasing 
Ше equipment of high 
tension cables. 

From the standpoint 
of capital outlay, designs 
for each of these two plans 
should have been prepared 
and compared. 

In an article contri- 
buted to The Electrical 
Review,’ one of the present 
writers expressed himself 
on this question as = 3 
Шоев Field Excitation - Amperes 


er Fhase 


Ж 


Current Lnput 


“А good deal has been Fig. 168. 400-x.w. ROTARY CONVERTER CHARACTERISTIC 


_ written on subjects relating PHASE CURVES. 


to the relative merits of Full line curves = Calculated values. Dotted line curves = Observed values. 
rotary convertersand motor- 

generators, low-speed and high-speed engines, and on parallel running. The three 
questions have a more decided bearing upon one another than appears to be realised, 
In fact, while the present article deals with no strictly new idea, it has been written as 


1 “Choice of Type and Periodicity for Electric Traction Plant" (Н. M. Hobart): Electrical 
Review, May 24th, 1901, р. 872. 
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the result of a conviction that the logical consequences of the experience of the last 
few years in these matters, have not yet been clearly appreciated. Though many 


writers bring out interesting and useful conclusions, all seem to have missed the - 


main point. | 

“Polyphase transmission systems with rotary converter sub-stations have now 
been installed in large numbers and operated with very gratifying results. Whatever 
considerable difficulties have been met with in their operation, have been attributable 
to lack of sufficiently uniform angular velocity in the prime movers. The writer quite 
disagrees with a current opinion that “hunting” difficulties in rotary converters are 
ever due to causes other than those originating in this lack of perfectly uniform 
angular velocity in the prime movers; at any rate, any other causes are of the most 
subordinate importance. Given a uniform angular rotation of the generators, the way 
is perfectly clear for entirely satisfactory operation of the rotary converters without 
any damping or other equivalent auxiliary devices. A consideration of the matter of 
obtaining sufficiently close phase regulation in the generators, leads to the following 
observations :— 

“ Two entirely different classes of generating plant are at present being advocated 
by engineers, and there is not the slightest likelihood that within less than several 
years electrical manufacturers will be relieved from the necessity of supplying 
apparatus of two altogether different types. These two types are respectively those for 
high-speed and those for low-speed engines. Take as a representative instance the case 
of a central station to be equipped with several 1,000-h.p. units. In the one case these 
will be arranged to run at, say, 250 revolutions per minute, in the other at about 83 
revolutions per minute. In the former case the problem of operating rotary 
converters satisfactorily is greatly simplified. The customary lowest limit for the 
periodicity is 25 cycles per second. This—for the speed assumed—requires but 
12 poles. A further customary requirement is that the phase deviation from perfect 
uniformity shall never exceed 9:5 degrees, or 0:7 per cent. Hence the displacement in 
space from the positions corresponding to absolutely uniform angular rotation must not 
exceed O per cent: ре сопках 0:12 рег cent. of the entire cireumference. With an engine 
exerting a fairly uniform turning moment, and at the relatively high speed of 250 
revolutions per minute, this should not require an excessively large fly-wheel. The 
case would be very different for the low-speed generator. At 83 revolutions per minute 
36 poles would correspond to 25 cycles per second, and the angular deviation from 
uniformity would have to be less than 0:04 per cent., which for the low speed of 
83 revolutions per minute would, for the best of such engines, require a tremendous 
fly-wheel. In practice a less close degree of regulation would probably be decided 
upon, and the rotary converters would be made to run satisfactorily by wrought-iron 
pole-faces, damping plates, or pole-face damping windings, or the generators might be 
equipped with similar devices. But these will not result in so satisfactory working 
as would be the case with a plant in which no such troublesome tendencies exist. 


| 
| 


Moreover, at least 1 per cent. or 2 per cent. of energy would doubtless be dissipated in | 


such devices. For the low-speed plant the writer would be inclined to lower the 

periodicity to, say, one-third of the present customary minimum value—i.e., to 

8% cycles per second, and to employ generators with but 12 poles. At this low 

periodieity, step-down transformers would be very expensive, and the writer would 

abandon rotary converters and equip the sub-stations with 6-pole high potential 

synchronous motors running at 165 revolutions per minute, direct connected to 
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first-class 600-volt railway generators. The lower efficiency of such a set—as 
compared with step-down transformers and rotary converters—would be so nearly 
offset by the decreased energy requiring to be expended in devices for overcoming 


. hunting, as to bring the commercial efficiencies of the two plants within 2 per cent. or 


9 per cent. of one another. It must also be remembered that there are two distinct 


difficulties thus overcome, or at least greatly modified—first, the paralleling of the 


generators with one another; and, secondly, when that is successfully accomplished, 
it still remains an open question whether the combined parallel running is sufficiently 


' free from angular deviations to deliver satisfactorily constant periodicity to the rotary 


converters. ‘The writer agrees with the views of some other engineers that it is open 
to question whether the most liberal of fly- wheels will necessarily lead to satisfactory 
parallel running of the generators. Quite contrary, however, to the general opinion, 
the writer believes that the larger the momentum of the rotor of the rotary converter, 
the more independent will it be of these disturbing tendencies. This latter opinion, 


. however, does not affect the conclusions reached in the present artiele. 
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“ Of the higher cost of sub-station motor-generators as compared with step-down 
transformers and rotary converters, it may be said that the great simplification in switch- 
board apparatus, the less need for close regulation in the high tension mains, the 
dispensing with all auxiliary devices required for voltage adjustment and the far less 
skilled attendance required, will largely or altogether offset the difference in cost. 
Moreover, the railway generator employed in the sub-station would be of the normal 
construction best suited for the requirements, and such a machine of the highest 
grade may, owing to standardisation and keener competition, be obtained from the 
manufacturers at a cost much less in excess of that of a rotary converter than that 


| represented by the intrinsic values of material and labour in the two machines. 


“In concluding, the writer would sum up his opinion as follows :—For future 
traction projects, the rotary converter should be superseded by the motor-generator, 
and the periodicity should be still further lowered for the case of very slow-speed 
steam engines; but it may often still be advantageous to employ rotary converters, 
and at 25 cycles per second, for plants where the generators are direet connected to 
high-speed engines.” 

Subsequent events have slowly led up to a more general recognition of the 


| correctness of this standpoint than was obtained at the time of writing.! 


Tug Use or ACCUMULATORS IN SUP-STATIONS. 


For working in parallel with rotary converters, some different considerations arise 
from the case of working in parallel with generators. 

In Germany, accumulators have been widely used in parallel with shunt 
generators for tramway plants, the characteristic of the generator falling preferably 
a great deal more than the battery characteristic. 

But the conditions corresponding to the operation of rotary converters in 
sub-stations, require for most satisfactory results, a reasonably good regulation. Thus 
one rarely permits in the high tension cables, more than 5 per cent. drop on the 
maximum probable load, and only by resorting to line and transformer reactance, 
potential regulators, Alioth device, etc., can one vary materially the commutator 


| voltage of the rotary converter. This is leading, in France and America, to the 


! Bee contributions by Eborall in reply to this article: Electrical Review, June Tth, 1901, p. 968, 
and June 14th, 1901, p. 1009. 
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gradual introduction as a standard system, of employing a compound-wound booster 
in series with the battery in parallel with the rotary converter. The battery. 
and compound-wound booster in series have a resultant characteristic approximately 
a straight line, i.e., they: have the same terminal voltage for all values of Фе 
charging and discharging current, and hence a comparatively trifling inherent drop | 
in a shunt-wound rotary converter suffices to permit of adjustments such that the. 
system regulates automatically, and the rotary converter delivers a constant load, } 
which, according to the conditions from instant to instant in the circuit supplied, # 
goes, either partly or wholly, directly to this circuit, or is devoted to charging the: 
battery. The voltage is furthermore automatieally maintained constant. 

In such & system the variations in load on the generating station would | 
generally not much exceed 10 per cent.; hence one would at any time place in service | 
only a sufficient number of generating sets to carry the average load at their most! 
efficient point of working. Hence the generators would only require to have an 
overload capacity of about 25 per cent. for an hour or so, this being a very different 
state of affairs from supplying generating sets capable of carrying a load rapidly 
fluctuating in the ratio of one to two, or even more. In the same way the rotary 
converters are supplied on the basis of only a safe margin above constant average load. 

The high tension cables also only require to be large enough to have the 
prescribed drop at average instead of maximum load, and this introduces a very | 
great saving. | 

But it is fallacious to look for good results from this system under any other | 
conditions than that a very liberal storage battery be installed, this not with the - 
object of using it up to anywhere near its rated capacity, vut, in the first place, in 
recognition of the fact that batteries still deteriorate, even with the best of handling, 
much more rapidly than at the guaranteed rate, in the second place, in order to 
secure thoroughly good voltage regulation, and, in the third place, to thus have for | 
a short time, independently of the dynamo-electric machinery, a source of supply 
ample for handling the entire load. With anything less than this, one is obliged | 
to provide spare sets to almost the same extent as for a system without accumulators. 

Take a case.for illustration :— | 

Suppose а sub-station is required for furnishing a 600-volt load having peaks | 
touching a maximum of 2,500 amperes, but having an average. load of only 1,000 
amperes. In this sub-station should be installed three 400-kilowatt rotary ` 
converters, one being spare, and an accumulator for 2,000 amperes for 1 hour. 
Only in the remotely possible case of an accident during time of heavy service | 
shutting down the central station generators would there be any probability of 
drawing more than 75 per cent. rated discharge current from the battery, and even 
the entire load of 2,500 amperes is but 25 per cent. in excess of the rated discharge 
current. Normally the rotary converters would be adjusted to deliver 75 per cent. 
of their full load of 1,830 amperes, i.e., 1,000 &mperes, constantly, the battery 
receiving part of this whenever the load falls below the average, and the battery | 
supplying the peaks in parallel with the rotary converters. Hence the battery i8 
never charged at a higher rate than 1,000 amperes (its normal charging rate 18 | 
06 х 2,000 = 1,200 amperes), and at this rate of 1,000 amperes only when the | 
external load is zero, which, of course, practically never occurs. The battery never 
discharges at a higher rate than 1,500 amperes, and this only for the most extreme 
peaks of the load. The booster would not be proportioned for 2,000 amperes—the 
battery’s rated discharge current—but for a maximum of 1,500 amperes; for in the 
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case of a disaster requiring the temporary shut-down of the central station, the 
booster would also shut down, and 
the battery would temporarily 
supply the line direct, sometimes 
аб a somewhat reduced voltage 
according to the state of charge. 
Then, if the accumulator should 
. be out of service, the three rotary 
, converters would be required to 
_ handle the load, and could do it, 
_ as their normal rated capacity is 
. 18 x 666 = 2,000 amperes, and the 
| maximum peaks do not exceed 2,500 
. amperes. 
| Another advantage of this 
| larger accumulator, is that its in- 
| ternal resistance is lower: hence for 
the loads at which it will be operated, 
Ив regulation and its efficiency are 
| better; also somewhat less voltage 
сін “required of the booster (which 
| makes up for the internal drop in 
| the battery and in itself), and the 
| boosters may be a trifle smaller. 
Unless, on comparative calculations, a plant, even with such a liberally pro- 
portioned accumulator, shows increased 
economy, considering both first cost, 
maintenance, and operating costs, no 
accumulator should be used, but the 
system should instead consist of gene- 
rating sets with ample spares, and 
high overload guarantees, and the 
equipment of high tension cables and 
of rotary converters (which latter 
should be compound-wound) should 
be proportionally liberal. 

But in the event of there being 
evident economy in spite of the liberal 
proportions of the battery, it will be 
of interest to map out the system a 
little more in detail :— 

A representative 2,000-ampere cell 
will have, when used as a buffer battery 
for 1,500 amperes, a voltage ranging 
from 2°4 when fairly charged, down to 
7800 “600 400 -200 О 200 400 000 800 1000 120 MOD 160 1:8 at fairly low charge; the average 
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Fig. 169. BOOSTER VOLT-AMPERE CHARACTERISTIC 
CURVES. 
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Ко бикгелб Discharging Current may be taken at 2°05 volts. 
Fig. 170. BATTERY VOLT-AMPERE CHARACTERISTIO We should instal a = 294 cells. 
CURVES: 
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Obviously when the pressure on no load has risen to 2:4 volts per cell, the battery | 
pressure will be 700 volts. The excess of 100 volts must be offset by the reversed | 
shunt-winding of the booster. As : 
the charge falls, the shunt excita- | 


tion must be weakened by the 
rheostat in the shunt field, down to 
9:1 volts per cell, when the shunt 
field is 0. Then the shunt field 
should be reversed again, and 
causes the booster to help out the 
battery for the range of from 2-1 
volts down to 1°8 volts per cell. 


low value of 1:8 per cell, the accu- 


Fig. 171. CONNECTION DIAGRAM ров Barrery-Boosrer = 530 volts. Hence the shunt- | 
Ser IN PARALLEL WITH Two Saunt-wounp ROTARY winding must supply a range of 
бшш 700 — 580 = 170 volts; and to 

В.О. I. and В.С. П. = Two rotary converters. be reasonably liberal, we must take 
A = Ammeter with zero in middle of scale. it at 200 volts, i.e., 100 volts in . 
B = Booster. h'direeli 

C — Battery. each direction. Қ.“ : 
В = Rheostat in shunt field of booster. The series winding of the 
Se Shan бао booster must care for its own | 
T = Series field of booster. 


V = Diverter shunt to series field. Е 5 
Z = Reversing switch in booster's shunt field. internal resistance of the accu- 


mulator. 


The apparent internal resistance of-a representative 2,000-ampere-hour cell may 


be taken roughly as 


During charge . . s ? ; . 0:000152 ohm ; 
During discharge . Е ) . 0:000118 ohm. 
Apparent resistance of 294 cells Ear charge — 0:0445 ohm. 

ін я = 0:0880 ohm. 


Hence, at the п] ШІП | of 9:07 volts, the voltage -equired to charge with : 


1,000 amperes = 600 + 
1,000 x 0:0445 = 645 volts, 220 
and the terminal voltage 
when discharging with 1,500 


amperes = 600 + 1,500 X 5. 
0:0330 = 550 volts. Hence 5 
the series winding must, on є 
discharge with 1,500 amperes, Е 
add 50 volts, and when ё 


charging with 1,000 amperes 

must set up 45 volts in oppo- 

sition to the battery voltage. 1200 1400 1600 
Hence the booster cha- Fig. 172. CURVES or REGULATION or ROTARY 

racteristic curves must be CONVERTER, BATTERY AND BOOSTER. 

those shown in Fig. 169. 


These booster characteristics combined with the battery volt-ampere | 
$ 
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When the voltage has reached the | 


mulator voltage is but 1:8 x 294 — 


internal resistance and for the | 
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characteristics, which are given in Fig. 170, give a practically constant voltage 
across battery-plus-booster, of 600 volts. 
The plan described makes use of the pure compound-wound booster. A number 


Externe! Load=O External Load = ОООДтд 


و 


External Load 200A ternal Load=2500Amp: 
—> 


و 


1000Атрегез 800 Атрегез OAmperes 1500 Amperes 
i — К 
| & в: «стр 
500Am, 500Am, 500Атр5 
j | 

; Rotaries deliver 1000 Amps. 1000 Amps. 1000 Amps. 1000 Amps. 
1 Battery receives 1000 Amps. 800 Amps. 0 Amps. Battery delivers/500 Amps. 
[| Eternal Load 0 Amps. 200 Amps 1000 Amps. 2500 Amps . 


Fig. 173. DIAGRAMS SHOWING SUBDIVISION OF THE CURRENT BETWEEN ROTARIES AND BATTERY. 


`. ef very excellent and advantageous modifications are often employed. These are very 
_ thoroughly described in a series of articles in the Electrical World and Engineer (New 
- York) for June 8th, 15th, 22nd, 29th, ; 

-| and July 6th and 18th, 1901. The 
articles are by Lamar Lyndon, and are 
- entitled “ Storage Battery Auxiliaries.” 
Of these the first four articles are the 
more important as relating to possible 
use in traction work. 

But inasmuch as a rotary converter 
| sub-station in its simplest form has 
already a good manyenecessary con- 
nections and switches, it would not 
appear desirable, if a booster battery 
set is added, to bring in any. but the 
most simple form. The connections 
corresponding to this form are shown 
| Fig. 171.1 

In Fig. 172 are given curves 
representing the voltage regulation of | 
_ Ше rotary converter and of the battery, За nae ЕР 


4 1 
| Amperes External Load 
with booster for varying currents on 


-—— 


Amperes in Battery and in Rotary Converters 


h Fig. 174. CURVES SHOWING DISTRIBUTION OF 
| each. А я LOAD BETWEEN ROTARIES AND BATTERY- 
| The diagrams in Fig. 178 show BOOSTER. 
| 1 There is amongst those described in Lyndon’s articles one especially interesting method 
| covered by Hubbard’s United States Patent 651,664 (1890), so devised that, above a certain limit, 
| 


excesses of load are taken by Ше generator instead of by the battery. It would appear that this 
"Would probably aet too sluggishly to protect a battery in rapidly changing traction loads. 
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the subdivision of the current between the two 400-kilowatt rotary converters and 
the 2,000-ampere-hour battery. 

The arrangement gives constant potential of 600 volts at the continuous eurrent 
load for all values of the load. 

In Fig. 174 are given curves 
showing, for any value of the 
external load, the distribution of 
the load between the rotary con- 
verter and battery plus booster.! 

The booster would be finally 
adjusted in operation so that the 
battery charge should remain about 
constant under the average con- 
ditions of the load, tending, taking 
the day through, neither to charge 
nor to discharge. 

To estimate the efficieney of 
such an arrangement, we must 
A 8 1276 20 24 28 82 56 4044 48 52 assume a load curve on the sub- 


DIELS station and work out the occur 


rences. 
The load curve in Fig. 175 
(assumed merely for illustrative purposes) for 5 minutes, averages 1,000 amperes. 


Fig. 175. Frye MINUTES Голо Опкук. 


Table LXIX. gives the amperes during each 0:2 minute (ї.е., each 12 seconds), in Í 


rotary converter and in battery. 
14,800 
25 


Average amperes = = 590 flowing into, or out of, battery and booster. 


Hence during these 5 minutes there have been sent into the battery | 


7,400 И. 
95 x 19 = 24-7 ampere hours; i.e. in an hour 12 x 247 = 296 ampere hours. 


The same amount was taken out. This is equivalent to current flowing through | 
the battery at the rate of about 600 amperes. The apparent internal resistance | 
(averages of charge and discharge) equals 0:089 ohm. С? R loss = 14,000 watts. - 


Increase this to 17,000 watts to include all further losses in battery at this current. 


The booster installed will be for a maximum capacity of 150 x 1,500 = 225,000 . 


watts or 225 kilowatts; but as this is the maximum, it will be designed for a maximum 


efficiency at about half-load, say 800 amperes and 130 volts. Тһе efficiency of a set В 
working under such widely varying conditions, will not be high; it may be taken ab | 
80 per cent. for all loads to which it is subjected for any length of time, although im | 


fact this will vary through the range from 60 per cent. to 90 per cent. 


As the load on the rotary converter is constant, its efficiency may be taken at F 


94 per cent. 


Of the average current of 1,000 amperes going to the load, 300 amperes only i 
reaches the load after passing into, and out of, the storage battery and booster. | 


1 Sudden sharp peaks of load would tend to be taken by the rotary converter, because the 
inductance of the booster series field makes it act somewhat sluggishly. This is an advantage, 
as tending to protect the battery from momentary high loads. The tendency may be increased by 
introducing additional reactances in the booster circuit, 2 ; 
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Assume that the booster is traversed by its average 600 amperes at a terminal voltage 
of 75. (This voltage varies widely according to the state of charge.) 


75 X 600 = 45,000 watts. 


At 80 per cent. efficiency this corresponds to 11,300 watts lost in booster. 
Booster loss = 11,300 
Battery loss = 17,000 


Total 98,800 


Тавин LXIX. 


Time in Minutes, Ақшат O Amps. into Battery. аз of 
0 1,000 600 0 
`2 1,000 600 0 
4 1,000 600 0 
`6 1,000 0 1,500 
8 1,000 0 1,000 

1,000 0 1,000 1:0 
0 ا 1,000 1-2 
0 0 1,000 14 
0 | 0 1,000 1:6 
0 400 1,000 1:8 
1,000 0 1,000 9:0 ) 
1,000 0 1,000 9:9 
1,000 0 1,000 .2-4 
100 0 1,000 2-6 
0 600 1,000 9:8 
0 600 1,000 8:0 
0 600 1,000 9:9 
0 600 | 1,000 94 
0 600 1,000 8°6 
0 600 1,000 . 9:8 
0 600 1,000 4-0 
0 600 1,000 4:2 
0 200 1,000 4-4 
0 200 1,000 4:6 
800 0 1,000 48 
7,400 7,400 


The total output from the two rotary converters, with its constant load of 1,000 
amperes, is 600 kilowatts. This, at 94 per cent. efficiency, corresponds to 698,000 watts 
input and to 600,000 — 28,300 = 571,700 watts delivered from the sub-station. 
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571:7 x 100 
638:0 
cent., as against the 94 per cent. that it would have been without the extra trans- - 
formation. : | 

But, with the widely varying loads occurring in sub-stations with compound-wound 
rotary converters and no accumulators, the average efficiency could not be expected to 
exceed 92 per cent. when the converter’s full load efficiency is 95 per cent. 

These 294 cells would not be supplied for less than £8,000. 


Hence the net efficiency is = 894 per cent., say 89 рег | 


Accumulator . : 4 Е : : : E қ i . £8,000 
Booster . : ; 5 5 Э d Қ А : i 5 1,000 
Three 400-kilowatt rotaries at £900 each : 3 у Я d 2,700 
Ten static transformers at £350 each 5 Е А : $ Е 8,500 
Switchboard, wiring, cables, and all other accessories in sub-station 1,000 
Sub-station building . : : : : А 5 . : : 1,500 

Complete cost per sub-station Е : : . £17,700 


We must make a comparative estimate of the cost of all those amongst the above 
items which will be chosen differently according to whether an accumulator is or is not 
employed. This will require figures for the high tension transmission line and for the 
power-house and equipment. 

Assume five sub-stations, such as that described, each 6 kilometres distant radially | 
from a central power-house. Each sub-station is loaded, as in the case described, with 
1,000 average amperes and 2,500 maximum amperes; in fact, we may assume for each | 
a load curve equal to that already given. Take the transmission as three-phase with | 
6,500 volts between cores, or 8,750 volts per phase. | 

For the accumulator project :— 

Permit 8 рег cent. loss in high tension cables corresponding to average load. 

Average load = 5,000 х 600 = 8,000 kilowatts. 

Efficiency of sub-station transformation (including step-down transformer) 
= 0:97 х 0:89 = 0:864. 

Hence generating station output = 3,000 x n: 3,580 kilowatts, or 1,200 | 


kilowatts per phase. 
Amperes per phase = 320. 
Amperes per core of each of the five three-core cables = 64°0. 
Volts drop per core = 113° volts. 
Resistance per core = 1:76 ohms, or 0:294 ohm per kilometre. 
This corresponds to a cross section of 58: sq. mm. per core and a weight of 2177 1 
kilogrammes of copper per kilometre per core. ғ 
Now in all three cores of all five cables there are 8 x 5 x 6 = 90 kilometres, | 
hence 46,500 kilogrammes of high tension copper. | 
Estimating the cost of the complete cable, laid and jointed, at 7°50 shillings per . 
kilogramme of contained copper, we arrive at a total cost for high tension cables, of } 
£17,500. i 
In the power-house should be installed four 1,800-kilowatt, 5,000-volt, 95-cycle, | 
94-r.p.m., three-phase generating sets, one being a spare. They must be guaranteed | 
on the basis of carrying satisfactorily about 25 per cent. overload for half an hour. | 
Estimate these generators at £3,000 each and the engines at £6,000 each. 
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} Central Station :— 

І Building sh ae 20,000 

| Boilers, pumps, piping, ete. . 5 : 5 : . 12,500 

| Exciter sets, switchboards, and cables . : ; : 4,000 

| Four 25-cycle, 5,000-volt, 94-r.p.m. three-phasers . 12,000 

i Four engines for direct connection to above . : . 24,000 

| Total, Central Station : . 19,500 

| High-tension cables — . : ; ; : 4 . 17,500 

| Five sub-stations at £17,700 . i 1 à 5 . 88,500 

| ШО MC T. 6: £178,500 

| р - 

| Without accumulators :— 

| Should require four 500-kilowatt rotaries instead of three of 400-kilowatt output. 

i 

i Four 500-kilowatt rotaries $ ; " $ 5 Ч : . £4,000 

| Fifteen static transformers 2 А Я с я 3 а : 5,000 
Switchboard, wiring, cables, and all other accessories in sub-station 1,000 
Sub-station building . s . . Я ; с 5 ; : 1,300 


| 
| Complete cost for sub-station Е : . . £11,300 
| 
| 
| 


The high tension cables must in this case be large enough to carry the maximum 


2,500 
load of 2,500 amperes with only 4 per cent. drop. Hence 3 x 1.000 Х 46,500 = 87,000 


’ kilogrammes of copper. 
| Estimating on the cost of the complete cable, laid and jointed, at 6 shillings per 
kilogramme of contained copper, we arrive at a total cost for high tension cable of 
£26,000. 


| In power-house, two more generating sets would be ample; as Ше peaks would 
| not come simultaneously on all five sub-stations. 
| Hence — | | 


| Central Station :— 


| Building. ; : Е с . А . £22,500 
: | Boilers, pumps, piping, etc. с o 2 с 18,800 
Exciter sets, switchboards, and cables А Е 5,000 

Six 25-cycle, 5,000-volt, 94-r.p.m. three-phasers 18,000 

Six engines for direct connection to above : 36,000 

Total, Central Station . . 100,800 

High tension cables . с : Е : : 26,000 

Five sub-stations at £11,300 1 З j 5 56,500 

£182,800 


| 
| 
| 


| Suppose we take as the average efficiency of the sub-station from incoming high 
tension cables to outgoing low tension cables, including step-down transformers, 

With accumulators 0°89 x 0°97 = 0:864, 

Without ,, 0:92 = 0:96 = 0:884 
(0°96 being taken for variably loaded transformers against 0°97 for transformers with 
constant load). 
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We have taken the average loss in the high tension cables at 3 per cent. with | 
accumulators, and the loss with maximum (peak) of load at 4 per cent. without | 
1,000 
2,500 
Hence the average efficiency from beginning of high tension transmission lines 
to beginning of low tension lines is 
With accumulators 0:864 х 0:970 = 83:6 per cent, 
Without ,, 0:884 х 0:984 = 87:0 per cent. 


accumulators, hence X 4 = 1:6 per cent. average loss. 


There remains to compare the annual running cost and interest and depreciation 
on the capital outlay. 

With Accumulators. 

The generating plant delivers, for 20 hours per day, а constant load of | 
3,600 kilowatts at the point of maximum economy of the steam engines. Under , 
such conditions we may take the cost for coal, oil, repairs, staff (but exclusive of 
amortisation), at 0:74. per kilowatt hour. Hence the annual running cost is 

865 х 20 X 8,600 х 07 
210 == 1,100: 

The plant cost (i.e., Ше portion compared) already worked out above is 

£178,500. 
This, at 5 per cent. interest, represents an annual expense of 0:05 x £178,500 = 
£8,900. 

Of this £178,500 value of plant, the accumulators represent 5 ж £8,000 = 
£40,000, and the annual depreciation should be taken at 10 per cent., i.e., 

Annual depreciation of accumulators = £4,000. | 
On the balance of £178,500 — 40,000 = £138,500, the depreciation should be | 
estimated at 5 per cent., giving 


Annual depreciation on balance at 5 per cent. = £6,900. 
Total depreciation on the £178,500 = 4,000 + 6,900 = 

£10,900. 
Summary for plant with accumulators :— 

Running eost . Е 3 Я : . £1,700 

Interest on value of ane ; o 3 2 : 8,900 

Plant depreciation . ; А Е : 5 . 10,900 

Total annual cost : З 3 . £27,500 


Without Accumulators. 

The efficiency from the beginning of the high tension transmission lines to the | 

beginning of the low tension lines has been shown to be 870 per cent., as against | 

88:6 рег cent. with accumulators. Hence the generating plant is only req to ' 
deliver an average load of 

83:6 

87:0 

But this, instead of being constant, may be taken as varying frequently from 

2,500 kilowatts to 4,800 kilowatts. Under these conditions the same coal economy | 

cannot be obtained, and we will take the eost per kilowatt hour at 0'84., as against 074. | 

for constant load. Hence the annual cost is 


365 х 20 Sa ,460 x 0'8 — £8,400. f 


x 8,600 = 9,460 kilowatts. 
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The plant cost (i.e., the portion compared) is 
£182,800, 
and at 5 per cent. interest represents an annual expense of 
0:05 х 182,800 = £9,100. 
The depreciation, on a 5 per cent. basis, is also £9,100. 
Summary for plant without accumulators :— 


Running eost . Е : $ Я . £8,400 
Interest on value of ван, ? : : я : 9,100 
Plant depreciation . ; c : ; н : 9,100 

Total annual cost у Е h . £26,600 


Hence the comparative total costs are— 
With accumulators Ще E 67 501-500) 
Without ,, ^" ... £26,600, 
the results only differing by about 8 per cent., which on the total annual cost, 
including low tension атк, trains, wages, administration, ete., would make a 
Boslipible difference between the two systems. 

There is also but little to choose between the two systems from the standpoint 
of regulation, and nothing from that'of reliability of service. 

From the standpoint of attendance, however, the plant employing accumulators 
would be at a disadvantage. It is doubtful if many engineers with long experience of 
accumulators, and with open minds, would advocate the plant employing accumulators, 
unless they could thereby obtain better financial results. 

Accumulator advocates will protest against the assumption of 10 per cent. annual 
depreciation as being too high. It is, on the contrary, much lower than is generally 
obtained in practice. 

Before leaving the subject. of storage batteries as relating to Seas railway 


| engineering, it may be well to give the substance of a brief comparison once made by 


one of the present authors, of the prices of storage batteries in Germany, England, and 
America. While prices have tended downward since the time that this comparison 
was made, it is believed that the data will nevertheless be of value in investigating 
the relative merits of planis with and without batteries. 

Tables LXIXa. and ХІХ. were prepared from data and curves given in a paper 


| by Highfield, read before the Institution of Electrical Engineers, on the 9th of May, 
| 1901 (Proceedings, Vol. XXX., page 1046). 


In general, the data given in these tables, which one ought to be able to take as 
a guide to storage battery prices in England, are, in agreement with other available 
data on storage battery costs in England, much lower than the costs in America and 
much higher than the costs in Germany. Thus, in a paper by Grindle, before the 
Institution of Eleetrieal Engineers, February 26th, 1901, there occurs the following 
statement :—“. . . by employing a battery to deal with the demand over and above 
the mean load, it will require that there shall be installed, a battery capable of delivering, 


| аз а maximum, 300 kilowatts. The cost of a battery to comply with these conditions 


would approximate somewhere about £12 per kilowatt, including booster and switch- 


| board arrangement, or an expenditure of £3,600.” 


А 500-volt battery was under consideration, and by “ава maximum ” the author 
in this ease doubtless means the one-hour rate. It is seen from the note at the foot 
of Table LXIXa. that it is based on 30 per cent. less capacity than corresponds to 
the maker’s guarantees, hence we must for comparison take from Highfield’s data the 
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cost of a 800 x 0°70 = 210 kilowatts battery. This is £18 per kilowatt, or 210 x 
18 = 48,800, i.e., 5:5 per cent. higher than the price quoted in Grindle’s paper. 

In the Street Railway Journal for July, 1901, is an article by Lamar Lyndon, 
entitled “The Storage Battery in Railway Power Station Service.” In this paper a 
cost of £34,120 is given for a battery and booster equipment complete and installed. 
This is, on a three-hour discharge basis, a 6,150 ampere-hour, 550 volt installation, 
i.e., 1,180 kilowatts for three-hour discharge. This would be equivalent to only 
1,180 x 0°70 = 800 kilowatts, on Highfield’s rating, and his data shows a cost of 
about £82 per kilowatt. Hence, cost = 800 x 82 = £25,600, or 75 per cent. of the 
cost which Lyndon gives. 

In Germany, a Hagen battery, which the makers would guarantee for 2,000 
ampere hours on a one-hour discharge basis, would, complete with booster, installed 
for 550 volts, cost £8,000. This has a one-hour capacity of 1,100 kilowatts, but on 
Highfield’s basis of rating, only 770 kilowatts. 

Highfield’s data would show for this a cost of about £16°8 per kilowatt, or 
770 x 16:8 = £12,900, а price 61 per cent. higher than the price in Germany. 


Summary. 
Costin Germany  . | : А 5 = 100 
» England - : А З , = 160 
Ж ДЕ А А = AI 


As to Ше weights of material in ПРИЯ fires cases, and the relative guarantees 
received, we have not enough data to ascertain. The above figures, however, throw 
some light on the reasons why batteries are used most frequently in Germany, less 
frequently in England, and only very rarely in America. One can roughly take £30 
per kilowatt for large buffer batteries, as manufactured in England, and on the basis 
of the manufacturer’s ratings as here defined for a three-hours’ discharge. 


TABLE LXIXa. 


Cost of Battery-Booster Sets, including the Battery and Booster and Switch Gear complete 
and ready for work, but excluding the Battery House—One- hour Discharge Rate. 


500 Volts—One-hour е Rate. 


5 | | 
Ralowatts Cost in Pounds а "misst 8 
Output ab | УКА, Cicer is Capital Cost in ded А еш М for toe Leo ў 
ш Dis- charge Rate). Pounds, тавана Dis- Momentary 3-hours Dis- | 3-hours Dis- 
charge Rate. | charge Basis). Rate. charge Rate, | charge Rate. | 
3,750 500 | 7,500 58,000 | 141 10,000 8,750 
150 500 1,500 12,700 16:9 2,000 | 750 
875 500 750 6,650 ТЫП 1,000 875 
225 500 450 4,050 18:0 600 225 
150 500 800 2,780 18:2 400 150 
75 500 150 | ДЕ 690 | 22:5 | 200 75 


At a 6-hours discharge rate, the amperes rate is 60 per cent. of that for a 3-hours discharge rate. [ 
The batteries consist of 240 to 250 cells, and the capacity is taken as 30 per cent. less than the | | 
full-rated capacity when the battery is new, so that at the end of a period, depending on the work | | 
and treatment of the battery, the actual capacity will be up to its rated value. 
The gear is all designed to work at the one-hour rate—if designed for the ede hours rate, а 
reduction of about 10 per cent. would be made. 
This data is a re-arrangement of that in Highfield’s paper, “ Storage Batteries Controlled’ 
by Reversible Boosters,” of Мау 9th, 1901. See Journal Institution of Electrical Engineers, 
Vol XXX., p. 1046. 
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TABLE LXIXs. 


Cost of Battery-Booster Sets, including the Battery and Booster and Switch Gear 
complete and ready for work, but excluding the cost of the Battery House— 
Three-hours Discharge Rate. 


At a 6-hours discharge rate, the amperes rate is 60 per cent. of that for a 8-hours discharge rate. 
The batteries consist of 240 to 250 cells, and the capacity is taken as 30 per cent. less than the 


and treatment of the battery, the actual capacity will be up to its rated value. 
The gear is all designed to work at the one-hour rate—if designed for the three-hours rate, a | 
reduction of about 10 per cent. would be made. 
This data is a re-arrangement of that in Highfield’s paper, “ Storage Batteries Controlled 
by Reversible Boosters,” of May 9th, 1901. See Jowrnal Institution of Electrical Engineers, 
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| full-rated capacity when the battery is new, so that at the end of a period, depending on the work | 


500 Volts—Three-hours Discharge Rate. 
ы г Cost іп Pounds ЧИРЕ Е е а 
Ontput at Volts wee + Capital Cost in per Kowait | еен e Аы edad on us 
3-hours Dis- 25 ned Rate). Pounds. адо mo | Momentary 1-hour Dis- l-hour Dis- | 

charge Rate. E | charge Basis). | Rate. charge Rate. | charge Rate. 
1,875 500 8,750 53,000 28:2 10,000 7,500 8,750 
375 500 | 750 || 12,700 33:8 2,000 1.500 | 750 
187:5 500 875 6,650 85:4 1,000 750 375 
112°5 500 225 4,050 36:0 600 450 225 
15:0 500 150. 2,730 96:4 400 800 2 1200) 
БУ 500 75 1,690 45:0 200 150 75 


Vol XXX., p. 1046. 


DESIGN or SUB-STATIONS. 


The design and lay-out of a sub-station is controlled by the area and shape of the 
| site available. Тһе whole of Ше plant should, if possible, be arranged on one floor, 
| thereby minimising the attendance charges. With a large sub-station, the cost of 

land may make it necessary to build it double-decked. The path of the energy 
| through the sub-station should be as short and direct as possible from the high 
| arion lines to the outgoing continuous current feeders. In consistence therewith, 
; the arrangement of plant across the station should be in the following order :— 
Entrance of high tension cables, high tension switchgear, transformers, rotary con- 
| verting apparatus (motor-generators or rotaries), low tension continuous-current switch- 
gear. An arrangement of apparatus following on these lines is desirable in the interests 
of amaximum of simplicity. If the area is limited, or constrained to an irregular shape, 
departure from the simplest form may become unavoidable. We give subsequently 
detailed descriptions of several representative sub-stations from which the general 
trend of design can be followed. 

Arrangement of Switchgear.—The switchboard is located along one side or across 
one end of the station. For small sub-stations 16 is generally on the main floor with 
the converting apparatus, but with stations of large capacity, the switchgear is often 
arranged on a gallery. In the latter case the operator commands a view of the whole 
station, which may on occasions be of considerable advantage. It is standard practice 
to build the switchboard in three sections, consisting of a set of panels for the high 
tension switchgear, a set of machine panels, and a set of distributing feeder panels 
Where the high tension switchgear is of the remote control type, which is becoming 
common practice for high voltages, the oil switches are mounted in brick chambers 
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some distance away from the switchboard. The first section of the board consists, in 
this саве, of a low tension control board to deal with the current operating the oil-break | 
high tension switches. Examples of these are given іп the subsequent references | 
to particular sub-stations. The control board is provided with pilot lamps, to indicate | 
which high tension switches are closed. By such arrangements all the apparatus is 
manipulated by low tension switches, the high tension gear being completely isolated. 


The Starting of Rotary Converters. 


The starting and synchronising of rotary converters may be accomplished in any 
one of several ways. The simplest, at first sight, is to throw the alternating current 
terminals of the rotary converter directly on the alternating current low tension 
circuit, or else to have the low tension transformer terminals normally connected to . 
the rotary converter, and to throw the high tension transformer terminals directly on | 
the high tension mains. But this, although often practicable, has several dis- | 
advantages. By this method the current rush at the moment of starting is generally - 
greatly in excess of the full-load current input to the rotary converter, and as it 
lags in phase by a large angle, № causes a serious drop of line voltage, and 
affects the normal line conditions, to the serious detriment of other apparatus on 
the line. This large current gradually decreases as the rotary converter’s speed | 
increases. The action of the rotary converter, in starting, is analogous to that of | 
an induction motor. The rotating magnetic field set up by the currents entering 
the armature winding, induces, but very ineffectively, secondary currents in the 
pole-faces, and the mutual action between these secondary currents and the rotating 
field imparts torque to the armature, which revolves, with constantly accelerating . 
speed, up to synchronism. Then the circuit of the rotary converter field spools is | 
closed and adjusted to bring the current into phase. But when the armature is first 
starting, the field spools are interlinked with an alternating magnetic flux, generated 
by the current in the armature windings, and in normally proportioned field spools, 
with several hundreds or thousands of turns per spool, a dangerously high secondary 
voltage is generated in these spools. Hence they must be insulated better than field 
spools ordinarily are, not only between layers, but between adjacent turns; and wire 
with double or triple cotton covering should be used. However, the most frequently 
occurring breakdown due to this cause, is from winding to frame, and hence extra 
insulation should be used between these parts. 

The terminals of the different field spools should be connected up to a война 
switch, arranged so that the field winding may be conveniently broken up into several 
sections ; oderwise if 1,000 volts or so are induced in each spool, the strain on the 
insulation between the ends of these spools in series and frame, is severe. 

At starting, this switeh must always be open, and must not be closed until the 
armature has run up to synchronous speed, which is observed by the line current 
falling to a much smaller value. This special.switch is then closed, and afterwards 
the main field switch, whereupon a still further decrease in the line current occurs, 
due to improved phase relations, and the process of synchronising is completed. 

By means of a compensator, this heavy current on the line at starting, may be - 
avoided. The connections for a three-phase rotary with compensator, are as shown 
in the diagram of Fig. 176. 

At the instant of starting, the three collector rings are connected to the three 
lowest contacts, and thus receive but a small fraction of the line voltage. They, 
however, receive several times the line current; i.e., if the taps into the compensa i 
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winding are, say, one-fifth of the way from common connection to line, then the rotary 
converter has one-fifth the line voltage and five times the line current. As the converter 
runs up in speed, the terminals are moved along until, at synchronism, the collector rings 
are directly on the line. The corresponding arrangement with taps from the secondary 
windings of transformers is so obvious as not to require a specific description. 
Another difficulty encountered when the rotary converter is started from the 
alternating current end, is the indeterminate polarity at the commutator when the 
| rotary is made to furnish its own excitation. Unless some independent source of 
| continuous current is available at the rotary converter sub-station, the rotary is 
| dependent for its excitation upon the polarity that its commutator happens to have at 
| the instant of attaining synchronism. If there are two rotary converters at the sub- 
| station, and the first comes up with the wrong polarity, then it may be allowed to run 
i 
| 


MR a 


—— 


| 80, temporarily, till the second one is 


| synchronised. Тһе second one сап be une | 

| given either polarity desired, by using the 

| first as an independent source of CON- ` THREE compensaror$ 
| А (OR ONE THREE PHASE 
tinuous current. Then, from the second COMPENSATOR.) 


one, the polarity of the first may be 
reversed into the correct direction, and 
| the second rotary converter shut down. 
| Obviously, however, this indeterminateness 
| ofthe initial polarity constitutes a further 
| inconvenience and objection to starting COLLECTOR се 
| rotary converters by throwing them directly 
| on to the alternating current line. But in Рів. 116. CONNECTIONS or THRER-PHASE 
| the case of large capacity, slow-speed rotary соса ушып Conran мой. 
| converters, consequently machines with heavy armatures, it has been found practicable 
| to control the polarity of the first machine when it is started up from the alternating 
| current side. One must stand ready by the field switch as the machine approaches 
| synchronism, when the pointer of the continuous-current volt meter will commence to 
| vibrate rapidly about the zero mark, with short swings. These will finally be followed 
| by a couple of fairly slow, indecisive long swings, in opposite directions from the zero 
‘mark. Near the maximum point of whichever of these swings is in the direction of 
| the desired polarity, the field switeh should be elosed, and the machine will excite 
| itself, provided the field terminals are correctly positive and negative. Otherwise 
| —which might happen on the first run, or after alterations—the field terminals will 
require to be reversed. 

The required line current is greatly reduced by starting up the generator and 
rotary converter simultaneously. The latter is then, from the instant of starting, 
| always in synchronism with its generator, and the conditions of running are arrived at 
with a minimum strain to the system. But the conditions of routine operation rarely 
render this plan practicable. 

The time ordinarily required to put eonverters into service when starting up with 
| eompensators on the alternate current side, is approximately as follows! :— 


| 300 kilowatts : р А . 45 seconds, 
CU CONGUE А. Т ГО ee IB. ag 
dM (ee E SO. 


1 These figures are taken from a paper by S. W. Ashe on “The Relation of Railway Sub-station 
Design to its Operation,” Jowrnal American Institution of Electrical Engineers, Vol. XXIV., р. 1101. 
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It is possible to start more quickly, the following times having been recorded :— 


300 kilowatts 5 5 $ . 16 seconds, 
1,000 3 Е : - 3 - ND № 
1,500 ag . . И 60 ” 


This includes the time necessary to close the high tension switch on the trans- 
former, the time of starting by means of air-break lever switches, and the time 
required for closing the field switches, the direct current circuit breakers, and the 
line switch. ° 

Another method in use, is to have a small induction motor direct-coupled to the 
shaft of the rotary converter for the purpose of starting the latter with small line 
currents. 

The starting motor has fewer poles than the rotary converter and a higher 
synchronous speed, the motor thus being able to bring the rotary converter up to the 
synchronous speed of the converter. 

The main advantage of this method is the increased reliability, since each rotary | 
has its own independent starting motor ; the latter, however, is an extra expense. 
Another disadvantage is that, as the torque of the induction motor varies as the 
square of the applied voltage, a small drop in voltage will decrease the starting torque 
to such an extent that it may not be sufficient to start the set. 

Where there are several rotary converters in a sub-station, a much better way | 
is that described in a British patent specification, in which the station is provided 
with a small auxiliary set consisting of an induction motor direct-coupled to a con- 
tinuous-current dynamo, the latter being only of sufficient capacity to run the rotary | 
converters, one at a time, up to synchronous speed as continuous-current motors. | 
When this speed is arrived at, and synchronism attained between the alternating | 
current collector rings and the line, the switch between them is closed, and the rotary | 
converter runs on from the alternating current supply. Я 

In many cases, а continuous-current system derives its supply partly from | 
continuous-current generators and partly from rotary converters. In such cases, the | 
rotary converter is simply started up as a motor from the continuous-current line, | 
and then synchronised. | 

This method is practicable if there is continuous current available at the sub- . 
station switchboard. This will not be so if a sub-station is totally shut down, and im | 
this case the previous method, employing an induction motor-generator auxiliary set 
is useful, the induction motor running on the alternating supply. 


Synchronising Rotary Converters. 


One has the choice of synchronising the rotary converter either by a switch | 
between the collector rings and the low potential side of the step-down transformers, 
or of considering the step-down transformers and the rotary converter to constitute 
one system, transforming from low-voltage continuous current to high-voltage 
alternating current, and synchronising by a switch placed between the high tension 
terminals of the transformers and the high tension transmission line. This latter | 
plan is, perhaps, generally the best, as for the former plan one requires a switch for | 
rather heavy currents at a potential of often from 300 to 400 volts ; and such a switch, | 
to be safely opened, is of much more expensive construction than a high tension 
switch for the smaller current. Moreover, for six-phase rotaries, the low tension 
switch should preferably have six blades, as against three for the high tension switch. | 
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It is much simpler with six-phase rotary converters, to have an arrangement which 
obviates opening the connections between the low tension terminals of the trans- 
formers and the collector ring terminals, although in such cases some type of 
connectors should be provided which may be readily removed when the circuits are 
not alive, for purposes of testing. | 

The arrangement shown in Fig. 177 represents a plan for synchronising and 
switching on the high tension circuits, and adapted to six-phase rotaries. 

Fig. 178 shows diagrammatically a plan for a three-phase system where the 
switching is done on the low tension cireuits. 


Starting of Asynchronous Motor Generator Sets. 

Induction motor sets can be started, firstly, by switching the induction motor 
directly upon the high tension line and running up to speed by cutting out resistance 
in the motor circuit. 

This is a simple arrangement, and there is only required a variable resistance, 
which can be mounted with its switch on a pillar near each set, thus avoiding long | 
cables for the heavy rotor currents from the set to the switchboard. If the motors | 
have permanently short-circuited squirrel cage rotors, they can be started by means 
of a compensator in the stator circuit, as already described in connection with the { 
starting of rotary converters. 

If any continuous-current is available at the sub-station, whether from a set already 
running, or from another sub-station, it is possible to start up a small auxiliary motor- 
generator set from the continuous-current side, running the generators as shunt motors. 

If this method is adopted, the induction motors may all have squirrel cage rotors, | 
and no compensators in the stator circuits. However, in order to provide for the ` 
event of failure in the continuous-current supply, it is advisable to instal at least | 
one set with a slip-ring induction motor, or with a compensator, so that it can be 1 
started up from the high tension side. 


DESCRIPTIONS оғ TYPICAL SUB-STATIONS. 


We shall now give technical data relating to the sub-stations on the following ) 
railways which are representative of modern practice : — 1 

(1) Central London Railway ; 

(2) Metropolitan Railway ; 

(8) Metropolitan District Railway ; 

(4) North-Hastern Railway ; 

(5) New York Central and Hudson River Railroad ; 

(6) New York Subway of the Interborough Rapid Transit Co. | 

The data for all of these lines are presented collectively in tabular form im | 
Tables LXX. to LXXIL, from which many interesting conclusions may be drawn. ! 

In addition to these data, there is given a short description of one sub-station 
on each line which is typical of sub-station practice on that line. 

Table LXX. shows the total number of sub-stations on each line, the total | 
number of converter sets, and their present and ultimate aggregate capacity. 

Table LXXI. contains a complete list of the sub-stations on all these lines, with 
technical data for each station. 

The table shows the distance between sub-stations and their distance from 
the generating stations, also the number and capacity of the transformers and | 
converters, with the aggregate capacity of each station. | 
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given the capacity and floor area, 
per square foot of floor area. 
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In the last column are entered remarks on the | 
which would have а bearing on the values of the 1 


Tapng LXX. 


Number of Sub-stations on various Electric Railways and their 


a number of typical sub-stations on each line, there is 
from which is worked out the kilowatt capacity 


ay-out of the sub-station 
atter constant. 


Capacity. 


1 


Total Number of Converters, Total Capacity. 
Railway. Нера | 

stations. | Installed. | Ultimate. | Installed. Ultimate. 

Central London Railway + 8 8 7,200 7,200 

Metropolitan Railway. 8 22 28 18,800 24,000 

istrict Railway . à 5 : ; : : 15 85 49 44,400 61,500 
reat Northern, Piccadilly, and Brompton Railway 1. ) 

aring Cross, Huston, and Hampstead Railway 9 19 28 17,600 | 26,000 
er Street and Waterloo Railway . : д | 

orth-Eastern Railway : 5 Е : s 5 14 20 11,200 | 16,000 

ew York Central and Hudson River Railroad . 8 24 40 27,000 45,000 

terborough Rapid Transit (The Subway, New York) | aoa &) 98 147,000 


+ 


$ Lot’s Road. 


Тавһв LXXI. 


1 The sub-stations on these railways are supplied from the District Railway Generating Station 


List of Sub-stations on various Electric Railways and Data regarding their Equipment. 
| Е 1 Ba 
| FE s$ g A Е E | Total Capacity | Number of 5 Total Capacity 
; за Е E E d er SB ofTransformers.| Converters. - e. of Converters, 
Sub-station. ЕЕ 22 В EE 5: 
Bie | ЯН Inu- | Ulti- | 8 Іп- Ulti- In- | Ulti-| 5 In- Ulti- 
хе Е = | stalled. | mate. stalled.| mate, | stalled. | mate. stalled.| mate. 
d Shepherd's Bush — 1:01 4 4 |300 | 1,200 | 1,200 1 1 900 900 900 
Š „ | Notting Hill Gate 1:61 | 1:82 т т |300 | 2,100 | 2100} 2 2 | 900| 1,800 | 1,800 
| БЕ Marble Arch 3°43 | 044 iG 7 300 | 2,100 2,100 2 2 900 | 1,800 1,800 
58 Davies Street 3:87 | 2:39 Uf 7 300 | 2,100 2,100 2 2 900} 1,800 1,800 
5 Post-office 6°20 - 7 7 300 | 2,100 2,100 2 2 900 | 1,800 1,800 
Ruislip TUO! 495 6 9 300 | 1,800 2,100 2 3 800} 1,600 2,400 
А Harrow 3°50 | 4:00 6 9 300 | 1,800 2,700 2 3 800 | 1,600 2,400 
E Neasden — 8:50 6 9 300 | 1,800 2,700 3 3 800 | 2,400 2,400 
Е Finchley Кола , 3:25 | 2°25 9 12 300 | 2,700 3,600 3 4 800 | 9,400 8,200 
8 Gloucester Road 850| 1:50 9 12 300 | 2,700 3,600 3 4 800 | 2,400 3,200 
5 Bouverie Strest 7001 195 9 12 300 | 2,700 3,660 3 4 8001 2,400 3,200 
+ Baker Street 5:75 | 1:00 9 | 12 |435| 3,915 | 5,290 | 3 4 |1200| 3,600 | 4,500 
2 Euston Road 6:75 | 1°50 6 6 300 | 1,800 1,800 2 2 800 | 1,600 1,600 
Moorgate . 8:25 - 6 6 300 | 1,800 1,800 2 2 800 | 1,600 1,600 
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TABLE LXXI.—continued. 
Ж 
ін £8 Н Number е. 4 3 
dx 33 | ged | CROW” [38 ашыш. | Converters. | $3 оры | 
Е | Sub-station. Е sz Е 8| fomes |25 5% 1 
= | Баев $2 ЕЕ 
e ЗЕ |8598 RE 25 
38 ЗЕ m (04-85) m | uni | In- | пле | 8 
де a” stalled. | mate. stalled. | mate. | stalled. | mate. stalled. 
| Sudbury . 5 È „| 9759} 4:00 6 9 300 | 1,800 2,700 2 3 800 
Hounslow . TN „| 9:90, 4-50 6 9 1300 | 1,800 | 2,700 2 3 800 
Kew Gardens . Е „| 6101 2°25 6 9 435 | 2,610 3,915 2 3 1,200 
| Mill Hill Park . 3 „| 5°45 | 2:25 9 12 485 | 8,915 5,220 3 4 |1,200 
| Ravenscourt Park . ‚| 827) 175 6 9 | 550 | 3,300 4,950 2 З | 1,500 
*- Earl's Court . ۹ „| 100| 0 9 12 550 | 4,950 6,600 3 4 1,500 
Е Wimbledon Park 5 „| 5881 2:50 6 9 435 | 2,610 3,915 2 3 1,200 
Е Putney Bridge . р ‚| 87291 1715 6 9 |800 | 1,800 2,700 2 3 800 
5 South Kensington .  .| 2°31] 1°50 6 9 |550 | 3,300 | 4,950 | 2 3 | 1,500 
А Victoria. 15 2-01) 8721650 6 9 |435| 2,610 | 3,915 2 з |1,200 
Charing Cross . А „| 5°07) 1°25 12 12 550 | 6,600 6,600 4 4 | 1,500 
Mansion House % 41-687) 1:87 6 9 | 550 | 3,300 | 4,950 9 8 |1,500 
Whitechapel . * С 1-75 9 12 550 | 4,950 6,600 8 4 1,500 
Campbell Road . E . | 10:35 | 3°50 6 9 435 | 2,610 3,915 2 3 1,200 
East Ham . 5 5 . | 13-34 — 6 9 435 | 9,010 3,915 2 3 1,200 
* 2 Е е Golders Green . E . | 11°36 | 2:25 9 12 300 | 2,700 3,600 3 4 800 
Е p EH Belsize Park . . .| 935| 2:25 6 9 |485| 2,010 | 8,015 | 2 3 |1,200 
3 как Baker Street . . 1. | TST 1°00 6 9 |300 | 1,800 | 2,700 2 3 800 
ЕРЕН |HydeParkComer . .| 384 | 200) 0 ə | 300 | 1,300 | 2100 | 2 s | 800 
я БЕР _ | Euston Station . в „| 6621 1:00 6 9 | 300 | 1,800 2,700 2 3 800 
SP ЕЕ | Kentish Town . . .| $30| 20 6 9 | 300} 1,800 | 2700| 2 3 | 800 
3 2 Es Russell Square . с .| 5762) 1°25 6 9 | 435 | 2,610 3,915 2 3 1,200 
% 55 Ез Holloway. |... : 749% 250 6 9 |435| 2,610 | 3,015 2 з | 1,200 
23458 | London Road . . | e| — | 6 | 9 | 800] 1,800 | 2,70 | з | s | 80 
A Pandon Dene . : .| 400| 4°00 12 12 | 280 | 3,360 3,360 4 4 800 
Е Cullercoats 4 5 .| 575 | 5°75 9 12 280 | 2,520 3,360 3 4 800 
В Wallsend . 5 о „| 025] 8°75 9 12 | 280} 9,520 3,360 3 4 500 
3 Benton . 8 5 „| 2'50| 4°00 6 12 | 280 | 1,680 3,8 2 4 800 
= Kenton. 5 6 .| 7001 4°25 6 12 200 | 1,680 3,360 2 4 800 
E 8 1. Grand Central Terminal | 0°36 — 9 15. 550 | 4,950 8,250 3 5 |1,500 
HE 2. Mott Haven. . 4 ee <= 9. | 15 | 560 | 4950 | 8,250 | 3 5 |1,50 
2% 3, Kingsbridge. . .| 9-44) — 9 15 | 875 | 3,375 | 5,095 3 5 | 1,000 
EE 2 4, Yonkers 15:04 — 9 15 | 375 | 3,375 5,625 3 5 | 1,000 
58% 5. Irvington . . .( 2211) — 9 15 | 875 | 3,375 | 5,025 3 5 | 1,000 
218 |6 Ossining . . .|0%| — 9 | 15 5| 8,976 | 5,005 s | 5 |1000 
АЕ 7. Bronx Park. . .| 9801 — 9 15 | 375 | 3,375 | 5,625 3 5 |1,000 
ВАР |в Scarsdale. у . 2) 19:02] es 9 15 | 875 | 3,375 | 5,625 3 5 | 1,000 
1 Hudson Division. 2 Harlem Division. 
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4 Taste LXXI.—continued. 


= = 
в 4 
бя | За 
LaS 102 | Number |9. а 
< 8% 7 5 5 | of Stepdown $ 5 | Total Capacity Number of | &.. | Total Capacity 
> Е n =i ri Trans- = Е of Transformers.) Converters, | — 2 | of Converters. 
Е Sub-station. КАЕ formers, Е S B 
X ЗЕ gom TE Е 
85 |88 In- | Ulti- 87 In- Ulti- Іп- | Ulti-| 8 In- | Ulti- 
a as stalled. | mate. | Stalled. mate. | stalled. | mate. stalled. | mate. 
p- No. 11, Worth Street 4541 1°70 12 24 550 | 7,600 | 13,200 4 8 1,500} 6,000 | 12,000 
2 2 
3% №. 12, Union Square .| 273 9-18 - 24 |550 — (8490 | — 8 |1500| — |19,000 
Е Е Хо. 13, Sth Avenue. .| 0:66 2:08 = 30 | 550) — | 16,500) — |10 [1500 — | 15,000 
ac 
8 No. 14, 96th Street . 41-918) 2:27 18 24 550 | 9,900 | 13,200 6 8 1,500 | 9,000 | 12,000 
> 
ЗЕ №. 15, 143rd Street ‚| 4°45) 2°55 - 24 550 а 13,200 = 8 1,500 — 12,000 
A 
$8 Хо. 16, 132nd Street ' .| 435 2:08 -- 24 550 -- 13,200 — 8 1,500 — 12,000 
| aa №. 17, Hillside Avenue . | 7:05 | 2:55 EX 24c 1560 — [13.200 | = $ [1,500] — |12,000 
д Хо. 18, Fox Street . „| 7461 8:02 — 24 |550 — 13,200 | — 8 1,500 — 12,000 
TaBrE-LXXII. 
| Floor Space of various Electric Sub-stations. 
— Y 
с Kilo- 
Ultimate | Floor Area 
Railway. Sub-station. Plant in Square есет Remarks. 
| Р Capacity. Feet. Foot, 
| m 
ез а-ы Є 5 
в o 9 3 а 5 . 
53 Е Eros c gate : E500 зо ш | Sub-stations built in two circular 
т fts sunk in tl г Я 
Dus |MarbleArch . ‚| 1,800 | 880 | 217 ала 


= 


Ruislip . : с с 2,400 | 2,790 | 0:86 | Transformers on main floor, 
Harrow . . .| 2,400 | 2,790 | 086 n » » 
| Finchley Road  . .| 8,200 | 3,660 | 0:875 » » » 


| Metropolitan 
Railway. 


Kew Gardens 2 . 3,600 | 2,140 | 168 | Transformer or gallery. 
% Mill Hill Park с 5 4,800 2,760 174 ” ” » 


= | Wimbledon Park. . 3,600 | 2,40 | 168 : » » 
Ц a Putney Bridge . .| 2,400 | 1,880 | 1:28 5 » Ж 
% 3 Victoria 5 d 3,600 2,140 1:68 | Transformers on main floor. 
қ Е Charing Cross . . 6,000 | 2,980 | 200 | Transformers on gallery. 


Campbell Road . ; 8,600 | 2,140 | 1:68 » » » 
East Ham . с е 8,600 2,140 1:68 » وو‎ » 


Pandon Dene . ; 3,200 | 8,840 | 0:83 | Transformers on main floor. 
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TABLE LXXII.—continued. 


Kilo- 
i Floor An Е 
Railway. Sub-station. bes ^M ears ce Remarks. 
Capacity. Feet. Foot. 
ӘБ Grand Central Terminal 7,500 4,796 1:56 
m 
d E Mott Haven. . .| 7,500 | 8,845 | 1:95 
5; 
%% Kingsbridge. . .| 5,000 | 8,845 | 1:80 
ЕЕ г Yonkers { К оороо Each sub-station has battery 
Bad Е 
ESS Irvington . . .| 500 | 3,845 | 1:30 А 
с? = 
ed = 
м8 Е Ossining 5 Я . 5,000 8,845 1:30 
өр 
РА ج‎ © Bronx Park . s қ 5,000 8,845 1:30 
ы Ф.д | | 
БАР 
Z Scarsdale . i з 5,000 | 8,845 1:30 
PENS No. 14, 96th Street .| 12,000 5,000 2:4 
рд ey | 
© ВЕТ No. 11, Worth Street . 12,000 6,000 20 | 
8 нам Transformers оп main floor. 
Sê Е No. 16, 182nd Street .| 12,000 6,000 2:0 | 
"SEA | 
НЕ Хо. 12, Union Square . | 12,000 4,400 XN 


E 


1. Sub-stations on the Central London Railway. 


The sub-stations, as originally laid down, were built underground in circular | 
shafts. The Bond Street Sub-station, which was put down since the opening of the | 
line ав an emergency station and chiefly for supplying lifts and lighting, is the 
only one which is on the ground level. The other stations are situated in the base 
of the lift shafts, below the level of the platforms, and are therefore at a depth | 
of 120 ft. and more below the street surface. * 

At Notting Hill Gate the whole of the equipment is contained in a single chamber | 
30 ft. diameter and 21 ft. high, but at Marble Arch and at Post-office, the 
plant is divided between two chambers each 23 ft. diameter and 15 ft. high. 

Fig. 179 shows the general arrangement of the Marble Arch Sub-station, from - 
which a good idea of the lay-out of the transformers, rotary converters, and switch- | 
boards, may be obtained. Р 

The normal maximum output of each sub-station is 1,800 kilowatts, but this could 
be increased on occasion by 20 per cent. without any difficulty. 


and the necessary switchboards, blowers, etc. A novel kind of radial overhead 
crane, consisting of girders pivoted to the centre of the roof, and supported by 
wheels running on a circular rail at the circumference, provides for the rea 
handling of the machinery at Notting Hill Gate; part of this is visible in the 


ТА large part of this description of the Central London Railway sub-stations is taken by permis- 
sión from the Electrical Review for June 15th, 1900, pp. 1012—1018. It was prepared for 
the Electrical Review by Mr. A. H. Allen. 
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Fig. 181. CENTRAL LONDON RAILWAY. DIAGRAM OF CONNECTIONS OF Two SuB-STATIONS. 
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THE SUB-STATIONS 


view of the main switchboard shown in Fig. 180. 
bank of transformers form three sides of a squ 


The two converters and the 
are, from the open side of which 


| Fig. 180. CENTRAL LONDON RAILWAY : Norrine Нил, GATE SUB-STATION MAIN SWITCHBOARD. 
| 

ja ladder leads to the switchboard gallery ; this extends half-way round the room 
lat а height of 6 ft. 5 ins. from the floor level. 

| In Fig. 181 is given a diagram showing the general arrangement of the 
[connections of two of the sub- 
istations. From the connection 
‘boxes, one in each tunnel, two 
high tension feeder cables enter the 
room and pass through Parshall 
three-phase switches to the high 
tension “bus bars which are 
mounted above Ше alternating 
current panels of the switch- 
board. An ammeter transformer 


is mounted on one of the bars to Fig. 182. CENTRAL LONDON RAILWAY: ARRANGEMENT 
indieate the total current entering or Нтон TENSION ’Bus Bars AND  AMMETER 
the sub-station; a view of this TRANSFORMER, 

'bus-bar transformer is given in 

Fig. 182, which also shows the method of supporting the bars. Fig. 188 shows, at 
Ше left, the back of the high tension panels, with the Parshall switch-gear and 
volt meter transformers, as they appeared when erected at the maker’s works. 
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Passing over a space in front of the ventilating trunk, the high tension “bus bars 


High Tension Feeder Panel. Low Tension Feeder Panel. 


Fig. 188. CENTRAL Lonpon RAILWAY: Back VIEW ОЕ SUB-STATION SWITCHBOARD. 
Нтен TENSION AND Low TENSION FEEDER PANELS. 


bring the three-phase currents to three transformer panels shown at the left in 
Fig. 184. Each of these is fitted with double-pole switches for the primary and 


Transformer Panels. Converter Panel. 


Fig. 184. CENTRAL Lonpon RAILWAY: Back VIEW ОЕ SUB-STATION SWITCHBOARD. 
TRANSFORMER AND CONVERTER PANELS. 
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| secondary circuits of two transformers. Each of the latter has a rated output of 
300 kilowatts at a pressure of 380 volts on the secondary side when supplied at 
| 5,000 volts, so that the normal secondary current is 910 amperes. The trans- 
| formers are coupled up delta on both high and low tension sides. Fig. 185 shows 


о‏ کے وہ و کے 


Fig. 1844., CENTRAL LONDON RAILWAY: FRONT VIEW or Нтен TENSION PANELS, 
SHOWING THREE-PHASE SWITCH. 


! 


a view of the bank of transformers in place; and Fig. 186 gives part sectional 
| drawings showing their internal construction. It will be seen that the coils are 
| supported in a vertical position, with a horizontal core in the form of a double 
“| magnetic circuit. A 
The core is built up of steel laminæ 0'014 in. thick, separately japanned, with 
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ventilating ducts at frequent intervals. The steel is of special quality, having high 
permeability and low hysteresis losses, and alleged entire freedom, under the condi- 
tions of service, from deterioration due to ageing. The coils are wound on formers, 
in four primary and four secondary sections, arranged in series as shown in the plan. 
The transformers are cooled by an air biast, air being drawn through ducts between 
the coils and in the core; dampers are provided to regulate the draught by either 
path. There are two blowers driven by three-phase induction motors of 6 h.-p. each, 
with squirrel cage rotors; these exhaust the air from a trunk beneath the trans- 
formers, to which the case of each is connected. The blowers may be used either 
singly or together, but one is generally sufficient. 


Fig. 185. CENTRAL LONDON RAILWAY: Хоттіхо HILL GATE SUB-STATION. 
Bank OF 300-K.w. TRANSFORMERS. 


The six transformers are so connected with the switchboard that any or all of 


them may be used, and a spare transformer is held in reserve to replace any that 


may require inspection or repair. As will be seen from the curves of Fig. 187, the 
efficiency is high and well sustained, being 95 per cent. at quarter-load and over 
98 per cent. at full load. The analysis of the various losses is given with the 
efficieney curve. 

From the secondary switches of the transformers, three heavy 'bus bars carry 
the current to the converter panels, a back view of one of which is given at the 
extreme right of Fig. 184. Each of these is fitted with two Samuelson three-phase 
quick-break switehes, connected at the top with the 'bus bars, and at the bottom with 
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the leads to the alternating current side of the rotary converters. As these switches 

have to break 2,000 amperes at 330 
| volts on each blade, they are of 
very massive construction, and the 
. phases are separated from one 
another by slabs of marble to pre- 
ventarcing. Fig. 188 shows one of 
| these switches. 

. Following the course of the 
current, we now come to the 
rotary converters. These machines 
are rated at 900 kilowatts output, 

1,800 amperes at 500 volts. Their 
| overall dimensions are 11 ft. 8 ins. 
| Dy 9 ft. 10 ins. by 9 ft. 91 ins. high. 
They are twelve-polar, and being 
fed with three-phase currents at 
25 periods per second, they run at 
250 revolutions per minute. The 
normal potential difference between 
the collector rings is 880 volts. 

, In Fig. 189 we give a plan 
and sectional elevations showing 
their construction. The base is 
formed of a single iron casting 

Supporting the bearings, magnet 
frame, and collector gear; the frame 
lis of mild cast steel, to which the Fig. 186. CENTRAL LONDON RAILWAY: Мотттхе HILL 
[laminated steel magnet cores are GATE Sus-sTATION. 300-K.w. TRANSFORMER, ELEVA- 
bolted. The coils are wound on 1955 ANP Prax. 

‘sheet iron spools with brass flanges; the shunt coil, of No. 11 B. and S., 912 turns per 
1 spool, is wound next to ће yoke, 
950%, 9717%, 97794, 9802*, 9809 and the series coil, of eight copper 
M strips 25 in. by 0:075 in. in 
| f parallel, 24 turns per spool, is close 
| «f | воо to Ше pole-pieces. The effect of 
| 70 7000 compounding on a rotary converter 
Е. ГІ |] 0 р Milian is very interesting. Nominally the 
5 " | ratio of conversion from alternating 


| THE SUB-STATIONS 
| 


аена 


ае 


5 E 500° 2 "to continuous current is invariable; 
3 г F foe ose 4000 F put by causing the alternating 
p od soo current to lead or lag over the 
| 20 zoop impressed E.M.F. it is possible to 


én vary the effective pressure between 
the collector rings, so as to raise 

O 100 20 so 400 soo м м № м 1000 пй Veto or lower the voltage on the com- 
преса load mutator. For this purpose the 

ig. 187. 300-K.w. Овмтват LONDON Ramway Trans- armatures of Ше generators and 
FORMER, EFFICIENCY AND LossEs. rotaries, and the windings of the 
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static transformers, possess sufficient reactance, and the series winding on the 
rotary has the effect of over-exciting the fields, causing the current to lead in 
phase, so that as the load increases the continuous current voltage rises cor- 
respondingly. By suitably shunting the series winding, the compounding of the 
rotaries may be adjusted to give quite constant pressure under the widest variations 
of load. This subject has been dealt with at considerable length on pp. 175 to 186 of 
this chapter. - 

The magnet cores are 12 ins. square overall, with a polar are of 154 ins. 
on an internal diameter of 84:375 ins.; the induction density in the cores 
is 95,000 lines per square inch, while in the yoke, which is 22 ins. wide, the 
density is 48,000. 


Fig. 188. CENTRAL LONDON RAILWAY: SAMUELSON's TRIPLE Роге Quick Break SWITCH 
FOR ROTARY CONVERTER. у 


The magnet frame can be bodily slid along the bed-plate so аз to completely | 
expose the armature and field-magnet windings. i 

The armature is built up of insulated sheet steel laminæ 0:014 in. thick, secured 
by dovetailing to a heavy cast-iron spider. | 

The overall diameter of the armature is 7 ft., and the inside diameter of th 
core 5 ft. 2 ins.; the gross length of the core is 12°5 ins. There are 288 slots, eac 


square inch, and in the core itself 51,000 lines. 
The armature is of the drum type, multiple-wound with bar conductors; there - 
are four of these in each slot, measuring 0:4 х 0'125 in. each. Г! 
The three collector rings are joined with the armature winding at eighteen equ 
distant points; the rings are 24 ins. diameter by 84 ins. wide, mounted on a separa 
spider, and there are eight copper brushes to each ring. 
The commutator is 54 ins. diameter by 173 ins. long, and consists of 576 segme 
carried on a cast-iron spider. There are twelve sets of carbon brushes, eight blo 
14 ins. wide by 3 in. thick, forming а веб. These are carried by a cast-iron ring support 
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1 by brackets from the yoke, and сап be adjusted simultaneously by a handwheel and 


Fig. 190. CENTRAL LONDON RAILWAY : 900-клу. ROTARY CONVERTER. 
| 


| worm, though, in actual working, the brushes remain at the mechanically neutral point, 
_ whatever the load. 
The armature core weighs 190 


1,000 Ibs., and the copper 721 lbs.; go сет il 
ithe total weight is 24,800 lbs. ае T 
(Тһе magnet frame weighs com- $ EMER 
|plete 19,550 Ibs., and the whole SRDA 
| machine 48,350 Ibs. Fig. 190 is fef. 
а photograph of one of these 900 КЕЛЕ 
kilowatts rotary converters. 8 наш 
| The curves of efficiency and ТА ЩЫ ш 
| losses of these machines are shown ё soj] 
_ їп Fig. 191. The overall efficiency, s Dr] 
| Wwe ME m 
, 2 а er 
per cent. at half-load; it is not esr tar a Ta UE EN De eds 710 
(probable that the average load рога оти 
will fall below the latter value. Fig. 191. CENTRAL LONDON RAILWAY: CURVES OF 
4 The magnetisation curve (Fig. EFFICIENCY AND Losses oF 900-K.w. ROTARY 
199), which is given in terms of CONVERTER. 
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both alternating and continuous-current voltage, shows the relation between these 
бо be about 0-6 to 1 at practically all values of Ше magnetisation. The ‘ phase 


Volts in armature 
5 


o 
Amperes in field 


© 


> 


of 
0 100 2999 3000 4000 5000 6000 7000 - 8000 9000 10000 11000 
Field ampere turns рег spoot 
Fig. 192. CENTRAL LONDON RAILWAY: MAGNETISATION 
CURVE ОЕ 900-K.w. ROTARY CONVERTER. 


characteristic’ (Fig. 198) shows the 
great importance of accurately 
ascertaining the most suitable 
value of the field excitation, so as 
to obtain the best possible power 
factor. With the most favourable 
adjustment of the exciting current, 
i.e., with 6:4 amperes in the shunt 
winding, the ‘‘apparent’’ power 
factor on no load is only 0:7. When 
working on a load this value is 
exceeded, and it may be brought 
up nearly to unity by suitable 
excitation when fully loaded. 

The method of starting is as 
follows:—The first rotary must, of 
course, be run up on the alternating 


current side; three transformers = 


are switched on, and the negative 
of the rotary. All other switches 
are left open, ineluding special 
switches which divide the shunt 
winding into four short sections, for 


the purpose of avoiding the induction of an excessive E.M.F. in these coils. Тһе high 
tension feeder switch and the three-phase rotary switch are then closed in succession, 


and the rotary starts up with 
about 2,000 amperes per со!- 
lector ring. Full speed is 
reached in some 80 seconds. 
When synchronism is ргае- 
tically attained, the field circuit 
is closed, care being taken to 


do this when the continuous 
current E.M.F. is building up 
in the right direction, as shown 
by the volt meter. If, however, 
the polarity is wrong, a fresh 
start may be made, or the 
second rotary run up; if this 
also has the wrong polarity, 
one may be reversed from the 
other by means of the reversing Fig, 193. 


Amperes Altg. Current 


о и 2 3 


4 5 6 7.6 9 юн 
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CENTRAL LONDON RAILWAY: PHASE СНАВАС- 


field switch. Another method TERISTIC OF 900-k.w. ROTARY CONVERTER. 


is to close all the necessary 


switehes before the engine starts, and run up slowly. When one rotary is running, 
the others can be started as continuous-current motors from the line. For this pur- 
pose, the equaliser switch is thrown down, and the circuit breaker and field switeh | 
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closed ; this excites the field of the incoming machine. The negative switch is then 
thrown downwards, and the starting rheostat closed step by step. The speed is then 
| adjusted to synchronism, and the three-phase rotary switch closed, after which 
the continuous-current switches are opened, leaving the converter running as a 
_ synchronous motor. Тһе continuous-current side is then paralleled with the line in 
. the usual way. 

Again following the current back to the switchboard, we arrive at the continuous 
current apparatus. There are two panels, one for each rotary, on which are mounted 
| the positive, equaliser, and negative switches. By throwing up the equaliser switch, 
the positive brush ring is coupled direct to the positive bus bar, the converter then 
| 


running ав а shunt machine; when it is thrown down, the brush ring is connected 
with the equaliser bar for compound parallel running. When the negative switch is 
thrown upwards the machine is coupled with the negative ’bus bar through the 
Circuit breaker, which is mounted above Ше corresponding three-phase switch ; the 
| downward position couples the negative terminal with the negative ’bus bar through 
the starting rheostat. A Weston ammeter is fixed on each panel, as well as a double- 
pole reversing field switch and reversible field ammeter, and rheostat hand-wheel. 

A single, four-point, starting rheostat is mounted on one of the panels, coupled 
between the lower terminals of the negative main switches and the negative 'bus bar. 
An alternating current volt meter is provided which can be connected with the collector 
rings of either machine, as well as a synchronising volt meter and lamps. 

, The four feeder panels are fitted with circuit breakers and double-throw quick- 
break switches, as well as a Weston ammeter to each feeder. The third rail in each 
tunnel is cut by a section insulator near each sub-station, and the four ends are 
connected by feeders with the middle points of the feeder switches. These are arranged 

| in pairs, two for the * up" tunnel and two for ihe “down.” The lower contacts of 
| each pair are coupled together by a short bar, so that when both switches are down, 
| the third rail is electrically continuous and independent of Ше sub-station, and can be 
‚ fed right through by the other sub-stations. In the upward position, the switches 
couple the positive 'bus with the third rail direct. 

The negative 'bus bar is permanently connected with the track rails, and the total 
|energy supplied to each tunnel is separately recorded by two Thomson watt-hour 
‘meters. 
| On the base of the feeder panels are mounted two three-phase switches controlling 
(ре blower motors, and a double-pole switeh and starting rheostat for a series-wound 
Blackman fan motor, by means of which the sub-station is ventilated. 

The next panel carries the apparatus for controlling the lift eables; there are two 
of these running the whole length of the line, one in each tunnel. These are arranged 
on the same plan as the third rails in that by throwing down the switches the cables 
‘are coupled through and are independent of the station; while by throwing them 
upwards they are connected with the positive bus bar. Тһе current to the two “up” 
cables is passed through an ammeter and a watt-hour meter, and through one circuit- 
breaker; the same holds good for the “ down” cables. Тһе ammeter reads both sides 
of zero, so as to show the current restored to the line by the lift motors acting as 
regenerative brakes during the descent of the lifts. 
| The lighting feeders are entirely separate from the power circuits ; a positive and 

negative feeder for this purpose, run the whole length of each tunnel, and the distri- 

uting boards in each station are coupled with these оп the three-wire system. Тһе 

ighting feeders are connected with the + and — 'bus bars in each sub-station, and 
221 


ELECTRIC RAILWAY ENGINEERING 


with several storage batteries at different points on the line. The lighting panel, 
next to the lift panels, is fitted with a minimum current cut-out to prevent the 
batteries from feeding back into the machine; when this comes out, the lighting load 
is thrown entirely on the batteries, which also carry the load when the line is shut 
down. There is a positive main switch on this panel by means of which the positive 
lighting 'bus bar is coupled to the positive main “bus bar, while the negative main 
switch is double-throw, to connect the negative lighting 'bus bar direct with the 


Б: 
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Fig. 194. METROPOLITAN RAILWAY: RUISLIP AND Harrow SUB-STATIONS. 


negative of either rotary, so that the lighting is unaffected by the circuit breaker. A 
main ammeter and a watt-hour meter are also provided for the lighting circuits. 

The remaining panel of the switchboard is fitted with various instruments by 
Weston and Elliott Brothers for testing the leakage from the third rail, the drop in the 
track rails, and the total return by earth to the sub-station. 

Fig. 180 shows the whole of the switchboard at Notting Hill Gate, except 
the high tension feeder panels. Figs. 188 and 184 show the backs of similar boards, 
and Fig. 1844 shows Ше front of the high tension panels. 

The number of safeguards against breakdown, provided by the arrangement 
described, is worthy of note; the sub-station can be supplied with power by either 
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or both feeders from the power station; the transformers and converters are in 
duplicate, and can be worked in various combinations; the connections with the line 
and the lift cables are also arranged so as to give the maximum number of alterna- 
tives, and the storage batteries ensure that, whatever might happen to the line, the 
lighting would be unaffected. 


4 2. Sub-stations of the Metropolitan Railway. 


| Drawings of a typical sub-station are shown in Figs. 194 and 195, which relate to the 
| Ruislip and Harrow stations. The arrangement of the sub-station will be readily 
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- understood. It will be seen that the transformers are in separate brick chambers, 
located underneath the switchboard gallery. An overhead traveller, carried on one 
| Side by steel pillars and on the other by stones projecting from the wall, serves 
| to handle the transformers and rotary converters. Current is delivered from the 
— mains at 11,000 volts, which is stepped down to 440 volts, at which it supplies the 
w | rotary converters, which deliver continuous current at 500 to 600 volts. 


4 The transformer efficiency is 97 per cent. at half-load,and 97:4 per cent. at three- 

—— | quarter load and full load. Тһе temperature rise after 24 hours run on full load, is not 
| l 22 

| 


| 


ELECTRIC RAILWAY ENGINEERING 


more than 45 degrees Cent., and at 25 per cent. overload not more than 60 degrees Cent. 
With a 50 per cent, overload for 1 hour, the rise is not to exceed 60 degrees Cent. 
The transformers are oil-insulated, self-cooling. The regulation is within 1°75 per cent. 
between no load and full load. Each sub-station is equipped with a high tension 
switchboard provided with oil break switches, guaranteed to break the full voltage at 
any load which may possibly come on the plant, these being for controlling the various 
high tension feeder circuits and the static transformers supplying the rotary con- 
verters. The instruments are all of low voltage, and are connected to the various 
cables through transformers. The low tension switehboards have marble panels 
carried in iron frames. The high tension switehes are controlled by means of signal 
levers, actuated from the switchboard platform, and the high tension switchboard 
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Fig. 196. DISTRICT RAILWAY: PLAN or CHARING Cross SUB-STATION. 


settings are built of special bricks, 83 ins. by 44 ins. by 9% ins., laid with 3-10. 
cement joints, the cement mortar being made in the proportion of one of cement to 
two of sand. 

The rotary converters which are situated on the main floor with the transformers, 
have ten poles of laminated steel. Their efficiencies are— 


At half-load ; : , ‚ 914 per cent. 
At three-quarter load . : . 94 А; 
At full load қ ы : . 95 ж 


The machines are specified to be over-compounded for 10 per cent. increase in 
voltage between no load and full load. 

The temperature rise is specified not to exceed 40 degrees Cent. after 24 hours run 
on full load; with 25 per cent. overload, not greater than 50 degrees Cent., and with 
50 per cent. overload for 1 hour, not greater than 60 degrees Cent. 
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The average voltage between segments is 11 volts, and carbon brushes are used. 
| The guarantee as to sparking is that up to an overload of 50 per cent. no brush shift 
| shall be required, and that with a temporary overload of 75 per cent. there shall be 


| по serious sparking. 


3. Sub-stations of the District Railway. 


B The sub-stations are arranged as shown in Figs. 196 and 197, which relate to the 
| {Charing Cross Station. Тһе sub-stations are, with a few exceptions, built on land 
‘adjoining the railway, but at the Mansion House and at Victoria they are erected 
а |immediately above the railway tracks, and are supported on heavy girders. In these 
_ jtwo stations, the general arrangement of Figs. 196 and 197 could not be adhered to, 
since, owing to “ ancient light" claims of adjacent buildings, sufficient head-room 
could not be obtained. As may be seen from the figures, the main floor is occupied 
_ by the rotary converter sets and low tension switchboard. The transformers and high 
tension bus bars and switch-gear are erected on a gallery occupying the length of one 
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Fig. 197. Ютзтвтот RAILWAY : GALLERY ELEVATION CHARING CROSS SUB-STATION. 
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fide of the station. This gallery had, to be dispensed with at Mansion House and at 
CA and at these two stations the transformers are located on the floor with the 

- 'otaries. 

—|. The Charing Cross Station is the largest and most important of the sub-stations. 
Besides its own section of the District Railway, this sub-station will feed portions of © 

Ве Baker Street and Waterloo and of Ше Charing Cross and Hampstead lines. 

| The high tension feeders, four in number, enter at one side and are carried to a 

“high tension wall,” on which are mounted the high tension isolating switches. The 

mergy passes thence to the step-down transformers ona gallery immediately in front. 

__ The switchboard is directly under the transformer gallery and on the main floor, 
ith the rotary converters. 'lhe ends of the floor space are occupied by an air 

| m а motor generator, and blowers supplying the air blast for cooling the 
tansformers. Below the ground floor is a basement for cables. 

| Fig. 198 shows а diagram of the connections at Charing Cross Sub-station, and 

fig. 199 is a photo of a typical sub-station switchboard employed on this line. 


The feeders on entering the sub-station are connected to isolating switches and 
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198. DISTRIOT RAILWAY : DIAGRAM OF CONNECTIONS AT CHARING CROSS 
SUB-STATION. 
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spark-gap lightning protectors. Reverse current relays are provided at the sub-station 
end of the high tension cables. Besides the usual instruments connected to the 
feeders, there is also a synchroscope, for indicating the phase before switching the 
feeder through. The main high tension bus bars are divided into four sections, with 
one feeder and one rotary converter connected to each. These bus-bar sections, by 
means of selector switches, may be operated independently or in multiple, as the case 
| may require. Isolating switches are also fitted to each rotary converter circuit, thus 
providing a flexible arrangement of connection. 

The secondary windings of the transformers are connected through three single 
pole knife switches to the collector rings on the rotary converter. The main high 
tension triple-pole oil switch for controlling each rotary, is hand-operated, but is also 


115.199. DISTRICT RAILWAY: PUTNEY BRIDGE SUB-sTATION. SWITCHBOARD. 


nipped with a polyphase overload time-limit relay. The continuous current side of 
the rotary is provided with two knife switches. A reverse-current circuit breaker is 
also inserted in the negative main. Each rotary converter is connected to an equaliser 
‘Switch. The rotary converter is started by a small induction motor, and is operated 
from a corresponding panel on the alternating current switchboard. 

The lighting circuits are on the three-phase system. 

Switchboard.—The total length of the switchboard is 69 ft. 4 ins. At the right- 
hand end of this board are six panels controlling the lighting circuits. These are 
fitted with measuring instruments and double pole circuit breakers. In addition, the 
blowers for the air blast transformers are controlled from these panels. 
| Adjacent to the sixth lighting panel are two instrument panels, carrying 
instruments connected to the four high tension incoming feeders, and also two 
polyphase reverse current relays. 


N 
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Next to the two instrument panels are four alternating current low tension panels 
for the rotaries. "These panels carry the instruments used in connection with the low 
tension alternating current side, also the controlling switches, and the small motor 
starting switches. : 

Following the alternating current panels, are four continuous-current panels for 
the rotaries. Each of these panels carries а circuit breaker with a reverse current 
relay attachment, and two 
single-pole knife switches. 
These panels also carry the 
rheostat dial switches for 
controlling the field windings 
of the rotary converters. 
After the continuous-current 
panels come the main load 


volt meters, one connected 
across the bus bars and the 
other to the machine volt 
meter. This panel also 
carries the main ammeter. 
Next to the load panel is 
the watt meter panel, carry- 
ing three large watt meters. 
Next come the lift panels, 
which control the supply of 
current to the lifts. Adjoin- 
ing the lift panels are placed 
twelve train section and 
track feeder panels. Hach 
panel carries two 8,000- 
ampere circuit breakers, one 
4,000-ampere ammeter, and 
two 3,000-ampere single pole 
knife switches. The feeders 
are double pole, as the 
positive and negative rails 
are insulated throughout. 
The bus bars are of 
Fig. 200. Disrricr RAILWAY: Туре С. Оп, бутон IN flat copper strips. The low 
SUB-STATION. tension series transformers 
for operating the low tension 
alternating current ammeters consist only of a secondary winding and a magnetie 


circuit. The secondary windings are slipped over the switch studs, which form the | 


primary of these transformers. 
The whole of the high tension cables, series transformers, etc., are mounted on 8 
fireproof screen called the high tension wall. A series of small vertical brick cubicles 
or slots are formed in this wall, in which the cables are run. The high tension bus 
bars are arranged in similar cubicles. The spark gaps are arranged in & fireproof 

chamber. 
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The switches installed for the high tension feeders and rotaries, are operated by 
’ means of hand levers. These switches are automatically tripped by relays. The 
switch is maintained in an open position by gravity. Fig. 200 shows one of these 
| switches. They are erected in a masonry structure, each of their three poles and the 
_ oil tank in which they are immersed, being in a separate fireproof compartment. 


4. Sub-stations of the North-Eastern Railway. 


The electrified section of the North-Eastern Railway is served by five sub-stations, 
having an aggregate capacity of 11,200 kilowatts. They are located respectively at 
. Pandon Dene, Cullercoats, Wallsend, Benton, and Kenton. 


Of these the first-mentioned is the largest; it contains four converter units of 


ид | ÎÎ 
Scale of Feet 
20 30 


5 10 40 50 Feet 


Fig. 201.—Norru-Easrern RAILWAY : GROUND PLAN ок TYPICAL SUB-STATION. 


800 kilowatts each. Next come Cullercoats and Wallsend, with three similar units; 
‘while Benton and Kenton each have two units. 

| The general arrangement of the sub-stations is shown in Figs. 201, 202 and 208. 
The generating station supplies the sub-stations with three-phase currents at a 
| pressure of 5,500 volts, which is reduced by sets of three transformers in delta 
‘connection, and is converted by the rotary converters into continuous current at 
600 volts, at which voltage the current is supplied to the third rail. 

The high and low tension boards are located on opposite sides of the station, 
the progress of the energy from the high tension lines being thus from one side to the 
other. 

The incoming 5,500-volt feeders (three-core, paper-insulated, lead-covered 

229 


ELECTRIC RAILWAY ENGINEERING 


cables), are fitted with spark gaps capable of relieving the cables of any abnormal rise 
of pressure. 


The main feeder switches between the feeders and the bus bars, are of the 


ШЕН 


Fig. 202. NORTH-EASTERN RAILWAY: LONGITUDINAL SECTION OF SUB-STATION. 


Westinghouse oil-break type, as shown in Fig. 204. These are electrically operated 
from a low tension board, and are capable of breaking the maximum current of any of 
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Fig. 203. NORTH-EASTERN RAILWAY: Cross-SEcrion OF SUB-STATION. 


the sub-stations. The high tension gear is mounted on a fireproof wall, with parti- 
tions between each phase and circuit. In connection with the main feeder switches 
there are two reverse-current relays and solenoid switches which energise the tripping 
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сой and open the oil switch in case the current should reverse and the sub-station 
commence to supply power to the high tension feeders. A nine-panel low tension 
board is provided for the control of the high tension switch-gear. 

Electrically operated oil switches are also interposed between the bus bars and 
the high tension windings of the static transformers. These are fitted with time-limit 
overload cut-outs, to open in case of overload or breakdown. 

All high tension cireuit breakers are provided with isolating switches, to ensure 


Fig. 204. NORTH-EASTERN RAILWAY : WESTINGHOUSE OIL-DREAK HIGH TENSION SWITCHES. 


safety during inspection or cleaning. The current and potential transformers for 
instruments on the boards, are fixed between the high tension switches and the static 
transformers, or on the feeder side of the high tension feeder switches, as the case 
may be. One pole of each instrument transformer is earthed on the low tension side, 
to avoid any possibility of high tension at the operating board. 

The high tension switch-gear for the converter sets is controlled from panels on 
| the large continuous-current board on the side of the station opposite to the high 
tension gear. 
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Two panels are required for each converter set, one, as mentioned above, for the 
high tension side of the transformers, and the other for the direct current side of the 
rotaries. The group of three transformers and one rotary is treated as a unit, and all 
synchronising is done on the high tension side. A panel is also set aside for the 
transformers which supply the induction motors used for starting the rotaries. The 
load panels on this board carry instruments which measure the total power supplied 
to the traction feeders. They also carry suitable recording instruments. There 
are also six panels for the control of as many 600-volt feeders, each being fitted with a 
moving-coil ammeter, a circuit-breaker, and a knife switch. The negative poles of the 
machine and feeders are permanently connected to the negative bus bar. A small 
battery supplies current for operating the switches and for lighting the pilot lamps. 
The main transformers are of standard Westinghouse oil-insulated and self-cooled 
pattern. They are each of 280 kilowatts rating at 5,500 to 860 volts and 40 cycles. 

The rotary converters, of 800 kilowatts rated capacity each, convert Ше 360-volt 
alternating current to 600-volt continuous current. Each rotary converter is а self- 
contained unit, the two bearings, the lower half of the frame, and the starting motor, 
being mounted on a common base plate. The temperature rise of the rotary converters, 
running continuously at rated load, does not exceed 85 degrees Cent., and at 50 per 
cent. overload, after three hours, 60 degrees Cent. Each rotary is started by a small 
Westinghouse, Type “ О.В.” polyphase induction motor with rotor mounted on Ше 
armature shaft. This runs the armature up to speed before the main three-phase 
supply is cut in. Separate step-down transformers are provided for the supply of 
these motors. The lighting circuit is also supplied from these transformers. 

As already mentioned, the group comprising three three-phase transformers and 
one rotary converter is regarded as a unit. The following table shows the combined 
efficiencies of transformers and rotary converters, these being the average results of a 
large number of measurements :—— 


Efficiency. 
Half-load . ; с А . 91:9 per ceni. 
Three-quarter load . А и 98:4 5 
Fullload . 4 А s . 98:9 d 
One-and-half load с о a 98:9 3 


A diagram of the electrical connections at Pandon Dene Sub-station is given in 
Fig. 205. 


b. Sub-stations on the New York Central Railway. 


The data given in Tables LXX., LXXI., and LXXII., for sub-stations on this line, 
relate to the New York City suburban section of the system. 

The power stations, two in number, are situated at Morris and Yonkers. These 
generate energy at 11,000 volts and 25 cycles, which is transmitted through mains, 
partly overhead and partly underground, to the sub-stations already listed in 
Tables LXX., LXXI., and LXXII. Hach sub-station may be fed from either power 
station, and the lines are so disposed that no ordinary accident can cut off a 
sub-station from its power supply. 

At the sub-stations the high tension current is stepped down to continuous 
eurrent at 666 volts for delivery to the third rail. The main equipment of each sub- 


station consists of three rotary converters and their accompanying transformers and 
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attery equipment, and provision is made for any 
233 


om increase in traffic. 


that may be expected fr 


H 


-station is provided with a b 
sions 


ub 
«ten 


===” ——— -——— —————Ón— 


Бала я SS a rec --- = Ta — " ь T ar иін ب‎ 


a eum 0966s — LA PP | 
aseyd 420 МУ 092 1 
S | ооа оне" | n tr 
E | е АА 
c = | ТТІ?) 77, 
хо О 42 LOE REE. | eur 
سي‎ Я م‎ j 
é = li шет ШЕТ реа m 
0 i 4 if 
Е LEES pu Ека 
‚ 5 Ни 
а > bryd более |Ә 
5 к 4) Aefad дул] 
чэ = AA 77737 14 RS 
GNE presado Me) 
7 fs 
с Q ‘duy oog 
Su e сәм buife/oc/, 
5 
Сз Р» 
з ны 
Б 5 
+ 
но 
= 
„=ч М 
ге 2 әшол-рдмс̧ 47%) 'Pauoumg 
8 а = " 
2 
я жабайы 


Ш: of 


| 


| 


ELECTRIC RAILWAY ENGINEERING 


The ишы general principles were adopted in the design of the sub-. 


stations :—1 


(1) The path of energy to be as direct and as short ав possible i the high | 


tension transmission line to the continuous current feeders ; 

(2) The wiring to be as little exposed as possible and yet to be readily 
accessible ; 

(8) All the machinery to be on the same floor as the operating boards ; 

(4) The principal apparatus to be under the direct control of the operator while 
standing at the operating boards ; 

(b) АП apparatus and machinery to be so arranged that the effects of an accident 
shall be confined to the place where it occurs ; 

(6) The risk of accident to the operator to be as slight as possible; and 

(7) Stations to be fireproof. 

In pursuance of the first idea, the apparatus is arranged in the following order, 
across the station :— 

Entrance of high tension lines, high tension switching apparatus, transformers, 
rotary converters, direct current switching apparatus. Along the station there is a 
succession of complete units, such as that described above, the controlling apparatus 
being located at the centre. The second requirement necessitated the use of wall 


chases for the high tension lines, and determined the use of transformers having both с 


high tension and low tension terminals underneath the main floor. The third require- 
ment determined the omission of galleries except for lightning arresters. The fourth 


requirement introduced the use of electrically operated switches and circuit breakers | 
for both the high tension alternating current and Ше low tension continuous-current. | 


All of these switches and circuit breakers are operated from the control boards. The 
fifth requirement determined the ample spacing of the machinery and introduced a 
very complete system of barriers for the protection of line conductors, thus minimising 
danger to operators. 


Entrance о) High Tension Lines. 


The underground lines enter the basement through ducts, and are terminated at | 
end bells, where they divide into three separate conductors running to three series | 


transformers which supply current to the measuring instruments. The scheme 


adopted for the entrance of overhead lines was settled after a careful examination of | 


all systems in use, and is believed to afford the best possible protection against rain 
and snow, not only to the incoming line, but also to the apparatus in the building. 


Lightning Arresters. 


The design of the lightning arresters was made with the view of separating the 
phases as much as possible and to make all parts accessible. The groups of arresters 
are mounted in such a way that a complete set may be taken out and replaced with 
the greatest facility, a feature which is believed to be original with this installation. 

All overhead lines are provided with knife switches to disconnect them from the 
sub-station apparatus. 


' This account is extracted from the Street Railway Journal report on the New York Central | 


Railroad, Vol. XXVI., p. 920, November 18th, 1905. 
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High Tension Wiring and Oil Switches. 


The high tension bus compartment is of concrete, and is provided with concrete 
barriers to separate the lines connected to the buses. The series transformers for the 


` measuring instruments pertaining to lines and machines, are suspended from the 


ceiling in a row near the bus compartment, and are separated by barriers. In order 
to obtain this uniform arrangement, and yet leave the front terminals of the oil switch 
dead when not in use, the high tension lines between the series transformers and the 
power transformers are looped under the bus compartment, an arrangement which 
affords a very neat and practical way of combining two advantages which hitherto 
have not been jointly obtained. 

The wiring, where bare, is of copper tubing, which gives an excellent mechanical 


- | construction, a feature of special importance for the delta arrangement of the power 


Mo € IQ 


| transformers. Тһе high tension bus bars are supported rigidly, but nevertheless in 
| such a way ав to take care of expansion and contraction. АП openings in the bus 
| compartment are protected by fireproof doors. 


The oil switches are electrically operated, and are designed to carry a substantial 


| overload.. They are provided with pilot lamps to indicate at the control board whether 
| they are open or closed, and Ше lamp circuits are so arranged that there is no indi- 
| cation unless the plungers complete their stroke without rebounding. The compart- 


ments are of brick, which matches the interior of the sub-stations, the barriers between 
phases being soapstone. 


Transformers and Rotary Converters. 


Two sub-stations are equipped with single-phase 550-kilowatt transformers to 
supply the 1,500-kilowatt converters, whereas the stations with 1,000-kilowatt con- 
yerters have 875-kilowatt transformers. These have a normal ratio of 11,000 volts to 
460 volts, and are provided with extra taps for varying the voltage according to the 
drop in the transmission lines, or according to the distribution of load among the 
sub-stations. They are of the air-cooled type, with terminals underneath. The air is 
supplied by two induction-motor-driven blowers, one of which suffices to supply the 
station. 

The rotary converters are of the sextuple connection three-phase type, which 
combines the advantages of the ordinary three-phase and six-phase type. ‘They 
convert the alternating current at 460 volts into continuous current at 666 volts. 


Continuous-Current Switchboards. 


These will have motor-operated switches and circuit breakers, controlled from the 


boards at the centre of the station. Тһе design of these switches and breakers 


is stated to ensure a certainty, rapidity, and safety of action hitherto unknown with 
this type of apparatus. A spare panel and auxiliary bus are provided, to which any 
feeder or machine may be connected pending repairs on its proper panel. All connec- 
tions are made with copper bars, thereby ensuring a neat and effective construction. 

The positive feeders after leaving the switchboards, are provided with end bells, 
Which terminate the lead sheathing of the cables which run out to the third rail in 
underground ducts. 

The negative leads from the converters, run through the foundations and connect 
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to an ammeter shunt which carries the entire station output. The negative feeders . 


are bare 2,000,000-cire.-mil cables, which run out directly to the tracks in pipes. 


There are two controlling boards situated at a part of the station which will be · 
the centre when the station is extended to its final limits. There is a bench board | 
which carries the principal instruments and control apparatus, whereas an upright | 
board carries the auxiliary control apparatus for lighting, ete. All panels are of | 


natural slate, with black finish, the instrument cases being black oxidised. 


Cranes. 


Each sub-station is provided with an electric travelling crane, which is also supplied 
with arrangements for hand operation. 


Storage Battery Equipment. 


The electric storage battery equipment is believed to be the largest railway battery 
installation in the world. It not only takes care of load fluctuations, but it is 
sufficiently large to operate the entire system under normal conditions for a period of 
1 hour in сазе of failure of generating apparatus. Five of the batteries have an output 
each of 2,250 amperes for 1 hour, and the others give 8,000 amperes, 3,750 amperes, 
and 4,020 amperes respectively. 


The batteries are located in buildings adjoining the sub-stations, and are operated | 


in connection with boosters and switching apparatus in the sub-station. 


The discharge is governed by a carbon regulator, working in connection with | 


exciters and boosters, the effect of which is to make the batteries discharge when there 
is heavy demand for current and to charge when the demand is light. 

The battery houses are of the most modern construction, and have acid-proof floors 
of vitrified brick. Тһе heating and ventilating systems are of the most approved type, 
and are well protected against acid fumes. 


Starting Converters. 


Converters may be started either from the continuous-current or alternating 
current side. In the latter case a gradual application of voltage is ensured by taking 
current from several taps in the secondaries of the power transformers. Starting 
from the continuous-current bus, the machine is started as a continuous-current 
motor through a rheostat. When a speed above synchronism is reached, the 
continuous-current circuits, including the shunt field, are opened, and the machine 
runs by its momentum only. The alternating current is then put on by closing the 
oil switch, and the machine runs as a synchronous motor. It is then only necessary 


to close the shunt-field circuit to put the machine in synchronism. These operations 
are made to follow each other rapidly, and are effected by the use of a special | 


combination switch. 
Lighting. 


Sub-station lighting is done with incandescent lamps operated by alternating 
current at 120 volts. The current is taken from the 460-volt power circuits and the 
voltage reduced by special transformers. Тһе lights are distributed so as to illuminate 
all apparatus, and at the same time give a good general illumination. АП wiring is in 
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| conduit, and circuits аге con- 
| trolled from standard panel 
| boxes веб in the walls. The 
| lighting of battery rooms has 
been developed with a view to 
. protection from acid fumes, all 
. wiring in these rooms being 
| lead-covered and all sockets of 
| porcelain. Emergency lighting 
. eurrent may be taken from the 
| control battery or charging set. 


| Continuous-Current Feeder 

| System. 

| The : continuous - current 
| feeder system is designed to 
| give a duplicate path for the 
. current from the sub-station 
| to the third rail. It is also 
| designed so as to confine any 
| trouble which may occur, to one 
| track only, thereby making any 
| interruption of traffic as slight 
| as possible. Switches are pro- 
| vided at the third rail to dis- 
' connect all feeders at that point 
| in case of a ground between 
the rail and the station. A 
’ train length section of third 
| rail is separately fed from the 
, Sub-station, and is designed to 
| prevent trains bridging between 
sections. АП continuous-cur- 
, rent cables are installed in tile 
. eonduits close to the tracks, 
| except the auxiliary feeders 


— 


whieh join the sub-station buses 
and supplement the conduc- 
tivity of the third rails. These 
are, in some localities, run 
overhead on the transmission 
poles. 

The four third-rails and 
auxiliary feeder are joined 
together through circuit 
breakers ‘situated іп small 
houses at intervals along the 
line, thereby increasing the 
effective conductivity. 
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Fig. 206. NEw YORK SUBWAY: CONVERTER Froon-PLAN 
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6. Sub-stations of the Interborough Rapid Transit Co.; New York Subway. 

A list of sub-stations and corresponding data for each, is given in Tables LXX., - 
LXXI., and LXXII. E * E 

The converter unit employed to receive the alternating current and deliver direct | 
current to the track, etc., has an output of 1,500 kilowatts, with ability to carry 50 per | 
cent. overload for 3 hours. The average area of a city lot is 25 х 100 ft., and a | 
sub-station site comprising two adjacent lots of this approximate size, permits the 
installation of & maximum of eight 1,500-kilowatt converters with necessary trans- 
formers, switchboard, and other auxiliary apparatus. 

In designing the sub-stations, a type of building with a central air well was 
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selected. The typical organisation of apparatus is illustrated in the ground plan and 
vertical sections in Figs. 206, 207, and 208, and provides, as shown, for two lines of | 
converters, the three transformers which supply each converter being located between 
it and the adjacent side wall. The switchboard is located at the rear of the station. | 
The central shaft affords excellent light and ventilation for the operating room. The 
steel work of the sub-stations is designed with a view to the addition of two storage 
battery floors should it be decided at some future time that the addition of such an 
auxiliary is advisable. 

The energy is delivered to the line in the form of three-phase current at 11,000 
volts. 
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The sub-station apparatus comprises transformers, converters, and certain minor 
auxiliaries. Тһе transformers, which are arranged in groups of three, receive the 
three-phase alternating current at a potential approximating 10,500 volts, and deliver 
equivalent energy (less the loss of about 2 per cent. in the transformation), to the 
converters at a potential of about 390 volts. The converters receiving this energy from 
their respective groups of transformers, in turn deliver it (less a loss approximating 
4 per cent. at full load) in the form of direct current at a pressure of 625 volts, to 
the bus bars of the continuous-current switchboards, from which it is conveyed by 
insulated cables, to the contact rails. 

The illustration in Fig. 209 is from a photograph taken on one of the switchboard 
galleries. In the sub-stations, as in the power-house, the high pressure alternating 
current circuits are opened and closed by oil switches, which are electrically operated 


Fig. 209. NEw York SUBWAY : OPERATING GALLERY IN SUB-STATION. 


by motors, these in turn being controlled by 110-volt continuous-current circuits. | 


Diagrammatic bench boards are used, as at the power-house, but in the sub-stations 
they are, of course, relatively small and free from complication. The instrument 
board is supported by iron columns, and is carried at a sufficient height above the 
bench board to enable the operator, while facing the bench board and the instruments, 
to look out over the floor of the sub-station without turning his head. The switches 
of the continuous-current circuits are hand-operated, and are located upon boards af 
the right and left of the control board. 

A novel and important feature introduced in these sub-stations is the location in | 
separate brick compartments of the automatic circuit breakers in the continuous-current- 
feeder circuits. These circuit-breaker compartments are shown in the photograph im 
Fig. 209, and are in a line facing the boards which carry the continuous-current-feeder 
switches, each circuit breaker being located in a compartment directly opposite the 
panel which carries the switch belonging to the corresponding circuit. This plan 
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| will effectually prevent damage to other parts of the switchboard equipment when 
| circuit breakers open automatically under conditions of short circuit. T also tends 
to eliminate risk to the operator, and, therefore, to increase his confidence and 
| accuracy in manipulating the hand-operated switches. 
| The three conductor cables which convey three-phase currents. from the power- 
| house are carried through tile ducts from the manholes located in the street directly 
| in front of each sub-station to the back of the station where the end of the cable is 
connected directly beneath its oil switch. Тһе three conductors, now well separated, 
extend vertically to the fixed terminals of the switch. In each sub-station but one 
| Set of high potential alternating current "bus bars is installed, and between each 
| incoming cable and these bus bars is connected an oil switch. In like manner, 
|) between each converter unit and the ’bus bars an oil switch is connected into the high 
potential circuit. The ’bus bars are so arranged that they may be divided into any 
| number of sections not exceeding the number of converter units by means of movable 
links, which, in their normal condition, constitute a part of the ‘bus bars. 

Each of the oil switches between incoming circuits and ’bus bars is arranged for 
automatic operation, and is equipped with a reversed current relay, which in the 
ease of a short circuit in its alternating current feeder cable opens the switch and so 

! disconnects the cable from the sub-station without interference with the operation of 
the other cables or the converting machinery. 


ия 


| The Location of Sub-stations. 


| Carter has laid down in an interesting manner some important considerations 
| which should control the location of sub-stations. To quote from his paper,! 

| “In a system of any size there will usually be certain junctions from which 
| several lines radiate, and which accordingly form natural distributing points, where 
| опе would locate sub-stations if otherwise practicable. One must also locate a sub- 
| station near each of the ends of a line, since, with the usual arrangement of low- 
‘tension feeders, the distance that опе can feed to a dead end with a given drop in 
| potential is only about one-third of the distance between adjacent sub-stations on the 
| line. Sub-stations should, wherever possible, be located at railway stations, for the 
convenience of attendants, inspectors, and visiting engineers, and to facilitate the 
| delivery of supplies. 

| “The above considerations having been taken account of, and local conditions 
| fully allowed for, the sub-stations should be located with reference to the potential 
drop between sub-stations and trains. In the case of a completely insulated line 
equipment, such as that employed on the Metropolitan and Metropolitan District 
Railways, the waste of energy limits the mean voltage drop, whilst the necessity of 
| efficient train lighting at all times limits the maximum. With a rail return, however, 
there are the additional restrictions imposed by the Board of Trade on the voltage drop 
| in uninsulated conductors. 

“The position of the trains with reference to the sub-stations should be mapped 
out, and the voltage drop in the conductor rails at any particular time determined. 
This should be done for a time of heavy load, and the worst condition to be anticipated 
in regular serviee should be judged, due allowance being made for probable future 
increase of traffic. 


14 Technical Considerations in Electric Railway Engineering," paper read before the Institution 
of Electrical Engineers, January 25th, 1906. 
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“The location of the sub-stations will in the end be a matter of considerable 
adjustment and compromise, the object being to efficiently feed the system, employing . 
as few sub-stations as practicable. Ona system with many ramifications it is often | 
impossible to prevent the sub-stations crowding one another somewhat in certain | 
places, but, with care, the layout can usually be made so that there is not very much 
waste from this cause. 

“Tn a continuous-current system, the all-day efficiency of distribution from gene- 
rating station ‘bus bars to trains, is usually in the neighbourhood of 78 per cent. Іп 
a well-designed alternating-current system this efficiency would probably approximate 
to 87 per cent.” 

Mr. Carter is of opinion, and the authors most emphatically share the opinion, 
that this last-named advantage of systems employing single-phase equipments is 
more than thrown away when the rolling stock is considered. Indeed, while involving 
considerations which belong to a later chapter, we wish here to refer to another 
paragraph of Mr. Carter’s paper which reads as follows :— 

“We сап now see why, under suburban conditions, the single-phase system 
- compares very unfavourably with the continuous-current system. What with the 
heavier train and the greater energy consumption per ton-mile, the energy consump- | 
tion per train mile, for trains of given capacity, will generally be quite 45 per cent. | 
greater under single-phase than under continuous-current operation. Allowing for 
the higher efficiency of distribution in the former of these systems, the power and | 
energy generated must still be some 30 per cent. greater. This requires 30 per cent. | 
greater capacity іп Ше generating plant, the cost of which will almost wipe out the 
saving in the sub-stations, whilst the 30 per cent. greater annual generating costs will | 
far exceed any possible saving in sub-station maintenance and supervision. In & 
compact system operating frequent trains—such as the usual urban system—the sub- | 
station expenses are insignificant. The following proportions have been found to hold 
in reference to the Manhattan Elevated Railway :— 

Generating and sub-station expenses :— 


Maintenance, power-station . à . 9:0 per cent. 
Operation, power-station : А ‚ 850 Е 
Maintenance, sub-stations А Я ‚ 05 » 
Operation, sub-stations . : : ЖАШОО 

100:0 


“In estimating the capacity of Ше machinery in the several sub-stations, the | 
number of trains fed by each sub-station at all times, must be estimated. A table 
should be drawn up showing the momentary maximum and average load on each sub- 
station, both at the time of heaviest traffic and at the time of light load. The output 
of the sub-station may be taken as 5 per cent. in excess of the input to the trains. 
The maximum momentary output may generally be taken as occurring when two 
trains are taking their maximum accelerating current, and all other trains that can 
possibly be supplied from the sub-station are taking their average current. This rule : 
is, however, subject to modification according to the locality of the sub-station. 

“When the above-mentioned table has been drawn up, the size and number of 
units in each sub-station can be determined. If possible, units of one size should be | 
employed throughout the system, even if the capacity is sometimes greater than is | 
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absolutely necessary. The maximum momentary output of the sub-station should be 
taken to correspond with the maximum momentary overload of the machines in 
use. The load at times of heaviest traffic will indicate the number of units required, 
and the output during the time of light traffic will be found useful in determining the 
size of the units. Having settled upon the number of machines required for service, 
an extra one or two will usually be included in each sub-station to serve as a standby. 

“Тп the case of rotary converter sub-stations, the total capacity of the installed 
machinery will usually be some 40 or 60 per cent. greater than that installed in the 
generating station for supplying power to the trains. Тһе excess is chiefly required 
on account of the exceedingly bad load factor of a sub-station, which necessitates an 
installation far greater than the mean load would indicate. In this respect, the trans- 
former sub-stations of a purely alternating-current system show to great advantage. 
Transformers can be designed to stand five or six times the rated load for short periods 
without injury or excessive voltage drop, and two or three times for an hour or two 
without excessive heating. In such a system, therefore, the continuous capacity of 
sub-station plant will usually be less than that of the generating station plant, since 
the former may be laid out to suit the mean all-day load, whilst the latter must suit 
the mean load at the time of the heaviest traffic”. 
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Chapter VIII 


THE DISTRIBUTING SYSTEM 


Y distributing system we mean that part of the electrical system separate from the 
generating or transmission systems and designed for controlling and regulating 

the voltage more or less independently of the voltage in the generating or transmission 
systems. Copper feeders may or may not be a necessary part of the distribution system, 


which may consist of either an insulated transmission rail with track return or of an | 


overhead conductor with track return, or of either with an insulated return rail. 
Whenever the return is insulated, track feeders and the attendant disadvantages may 
be dispensed with, and this rule applies practically independently of the distance 
between feeding points. It will be seen that in practice the rail becomes an important 
part of practically any distribution system. This comes about from the fact that at | 
high speeds а degree of rigidity is required in the collector system that is favourable | 
to economical use of iron and steel as conductors. While the voltage in the | 
transmission system may be allowed to vary to correspond with an economical use of - 
materials, there are other conditions imposed by proper operation in the distribution 
circuit; for this reason the conductance of the distribution system must be relatively 
very high and cannot be widely varied to suit the economical working of material. 
Approximately constant voltage must be maintained in the operating circuit to 
ensure proper performance of train equipment. For this reason, together with the 
mechanical requirements, rails of very considerable cross-section are used, and in the 
best practice the drop in these rails rarely exceeds 2 ог 8 per cent. of the pressure on 
the distributing circuit. The collecting device in the low tension system generally 
consists of shoes, which may be either under-running or over-running. With this 
class of collector, the surface is so considerable that practically any amount of current 
may be transmitted to a train without arcing or flashing, except when the most 
ordinary mechanical precautions are neglected. The chief objection which has been 
urged against a third rail system relates particularly to first cost, since even with the 
protected form, not more than 1,000 volts difference of potential between the conductor 
and rail is considered practical, even when the conductor rails are protected in the 
most efficient manner. Іп the case of the overhead system it is urged by its advocates _ 
that there is practically no limit to the safe working voltage. It remains to be 
proved by practical experience whether or not with the same conditions as to regu- 
lation, the overhead system is not more costly than the third rail system, since im 
general the third rail system has been designed with a small drop in pressure, 
whereas the overhead systems are generally designed with a considerable drop in | 
pressure. Тһе cost of maintenance of rail conductor systems has proved in practice 
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negligible, whereas the maintenance of overhead systems is a considerable item in 
working cost. 
Preference is expressed by some railway engineers for some form of overhead 


construction, thus leaving the track clear of obstacles to the repair and upkeep of the 


permanent way, and also avoiding complications at junctions and termini. There are, 
however, a number of difficulties attendant upon the use of overhead construction, 
more especially with reference to high speed and to the small clearance under bridges 
and tunnels, which appear to have been overlooked. In order to allow of high speed, 
the conductor must be as free as possible from lateral movement, and at the same 
time must be flexibly suspended; this is accomplished by suspending the conductor 
from a cable stretched longitudinally along and at a suitable height above the track. 
The bridges and tunnels offer considerable difficulties to overhead construction owing 


| tothe limited head-room, and in extreme cases the conductor is transferred from above 


to the track level. The overhead conductor in these cases is sectioned and discon- 
nected from the source of supply and the current collected from a rail by a contact 
shoe. Provision for these requirements makes the high tension overhead system 
expensive, and may introduce great difficulties to safe or reliable working. One great 
advantage resulting from carrying the conductor overhead when placed at a uniform 
safe distance from the train, is that the conductor can with safety be charged to a 
higher voltage. 

The overhead system for railways is, by many, associated with alternating current 
motor equipments; there is, however, no essential connection between the two. 
Hitherto the vast bulk of electric traction throughout the world has been done by 
continuous current motors, and a pressure of from 500 to 1,000 volts between collector 
rail and earth has been found to satisfy the economical conditions and to be satisfactory 
practice. 1,000 volts may be taken to be the safe limit of E.M.F. for rail systems as 
now constructed. Should the conditions demand it, there is no inherent difficulty in 
building motors for from 1,500 to 2,000 volts, which will stand the conditions to which 
railway motors are subject ; two such motors placed in вегіев would admit of a line 


’ pressure of from 3,000 to 4,000 volts, at which pressure the current required to work 


the train is within the limits which can be transmitted by copper conductors of 


| ordinary sizes and collected with trolley or bow. The limitations of the overhead 


system as to high speeds and heavy working, apply equally to both the alternating and 
continuous current systems. 

In distribution by alternating currents, regard must be had to their inductive 
action; we have to take account of the self-induetion of the current on itself within the 
conductor, as a result of which the current tends to confine itself to the outer layers, 
and thereby increases the effective resistance of the conductor. This effect is negligible 


| in copper conductors up to one half square inch cross section аба frequency of 25 cycles 
| per second, which is the maximum frequency likely to be used in alternating current 


traction. Where, however, iron enters into a circuit, the effect is most pronounced, 
owing to the permeability of the material, and is of such magnitude that it cannot be 
neglected. There remains to be considered also the inductance of the circuit formed by 
the conductors, the effect of which, owing to the distance between the conductors, 
especially where one conductor is carried overhead, is considerable. There are other 
minor effects which are quite negligible, and need not be specified; the more important 
effects referred to above, will be dealt with quantitatively in subsequent sections of this 
chapter. 

Since the track rail is extensively employed for conducting the current back from 
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the motors to the point of supply, it is necessary to deal with the properties of a 
track ав a conductor. We do not, however, deem it necessary to deal with the 
construction of the track generally, but only with such matters as are incidental 
to the use of the track as a conductor. 


THE THIRD-RAIL SYSTEM. 


The material of the third rail is chosen principally with reference to high 
conductivity, so far as cost permits, and with but little reference to wear, since it 
is only subject to the friction of a contact shoe pressed against it by gravity or 
occasionally by a comparatively light spring pressure. The strength of the section 
is of little importance, any section which is readily installed and insulated being 
suitable so far as relates to mechanical strength. The rail should be of sufficient 
cross-section to carry the current without undue voltage drop, and should present 
an ample contact surface for the collecting shoes. The chemical composition 
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Fig. 210. CURVE For RESISTANCE AND COMPOSITION OF STEEL. 


customarily employed, and the corresponding specific resistance, are set forth im 
Table LXXIII., on p. 248, the data in which relate to several third-rail systems. The 
composition employed in usual practice approximates to the following :— 


Carbon . А ; ; : . 0:09 per cent., 

Manganese. : : : ть ыра б 

Phosphorus  . , Р 5 005002 7 

Sulphur . 4 : 0:080., . 4 


Тһе resistance of a тай of this composition is about 78 times that of copper. 

It is instructive to compare the constituents of conductor rails with those of track 

rails, given later on in this chapter. In the case of conductor rails, as mentioned 

above, the material is chosen especially with reference to a high conductivity rather | 

than to mechanical properties, and on this latter account, the quantity of material 
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other than iron, present in track rails often reaches 1:5 per cent. (see рр. 267 to 271), 
while in conductor rails the quantity of other material present, as may be seen from 
Table LXXIIT., on p. 248, averages 0:5 per cent., and rarely exceeds 0°7 per cent. The 
resistance of such track rails is about eleven times that of copper, while that of 
conductor rails is only about seven times that of copper. Generally speaking, the 
resistivity of a rail varies more or less in proportion to the amount of foreign material 
present, but the cost of manufacturing a very high purity steel outbalances the gain in 
conductivity resulting therefrom, and hence a compromise is made between high 
conductivity and the cost of manufacture. 

While the resistance of pure iron is only about five times that of copper, the 
average for conductor rails is about seven times that of copper, which is not a great 
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Fig. 211. Curves SHOWING THE EFFECT OF CARBON AND MANGANESE ON THE 
CONDUCTIVITY OF STEEL. 


amount higher than the resistance of pure iron. Fig. 210. gives a curve showing 
the effect of foreign matter on the resistance of steel. This curve is deduced from a 
large number of test results of the General Electrical Co. of America, and of 
Barrett, Brown, and Hadfield. It may be taken as giving fair values for any given 
percentage of total impurities, although, of course, the prevalence of each particular 
foreign element has its own characteristic effect on the resistance. To investigate 
the effects of such single elements, the tests carried out by the General Electrical 
Co. of America were made on a large number of samples of widely varying 
composition. By examining the samples with different proportions of, say, carbon, 
but with nearly constant proportions of other elements, the effect on the resistance, 
of varying the percentage of carbon could be studied, and in a similar way the effect 
of varying the percentage of any other element present. 


1 See paper by J. A. Capp, entitled “Тһе Electric Conductivity of Steel,” read before the 
American Institution of Mining Engineers, 1904. 
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Barrett, Brown, and Hadfield have ascertained that an increase in manganese | 
from 0:5 per cent. upwards occasions a rapid increase in the resistance at first, and | 
then more slowly until 7 per cent. of manganese is reached, after which the addition ' 


of more manganese has little or no effect. 

The effect of carbon is to increase the resistance directly in proportion to the 
percentage of carbon present. The curves shown in Fig. 211 indicate generally the 
quantitative effects of these two elements. 

The curve marked “ Manganese ” is for rails possessing a fairly low and constant 
quantity of carbon (from 0:9 per cent. to 0:88 per cent.), the manganese being the 
principal variable between the limits set forth on the abscisse of the curve. The 
curve marked “ Carbon ” is for rails containing a fairly low and constant quantity 
of manganese (from 0:2 per cent. to 0:5 рег cent.), the carbon being the principal 
variable element. 

Other elements present, i.e., sulphur, phosphorus, and silicon, are only permitted 
in such small quantities that the effect of their variation is fairly negligible. 

Table LXXIII. gives the chemical composition and conductivity of the conductor 
rails on several representative railways. 


Taste LXXIII. 


Composition and Conductivity of Conductor Rails. 


Percentage Composition of Rail. Conductivity. 
А Total. | Ratio of Specific 
Railway. per cent. istance of Rul | Microhm (Resistance of 1 
Carbon. | „Шш, Sulphur. „увод, | Silicon, | "° Tron: (обредше Resist per neh Mile 1 Sanare 
Copper at 20° С. 1 85.20” С. 
Central London  .| :08 188 "045 | "059 | Traces) +457 7:50 4:94 "818 
Baker Street and 
Waterloo . "05 19 “05 "05 108 870 6:40 4:25 "269 
Manhattan . .| °078 | :840 | “078 | :069 | Nil “555 7:750 5:150 :826 
New York Subway. | "10 60 :05 10 ۰05 90 8:00 5:80 886 
Boston Elevated .| "087 | -841 | `078 0691 Nil ۰520 = = = 
Metropolitan and 
District  . "085 | "815 | "059 | :056 | Nil 465 — = = 
Great Northern and | 
City . - 1:15 4:42 280 
New York Central . — | 7:50 4:94 818 


Mounting of Conductor Rails. 


The method of mounting and insulating the conductor rail and the design of the 
insulator depend largely upon the shape of the rail section. 
The insulating supports on which the rail rests are ai spaced from 
4 to 12 ft. apart. 
Some examples are given in Table LXXIIIa. for four London lines. 
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Taste LXXIIL. 


SHOWING SPACING оғ INSULATING Supports. 


Railway. Distance in Feet between | Number of Insulators per 


Insulators. Mile of Conductor Rail. 
Metropolitan and District . | 10-5 503 
Central London . x | 7:5 705 
City and South London | 6:5 819 
Waterloo and City . M 7:5 705 


“Тһе weights per yard of the various conductor rails together with a number of 
| other particulars of the track may be found by reference to Tables LXXIV., LXXVII., 
| and LXXVIII.! 


* 


TABLE LXXIV. 


Particulars of Conductor Rails for various Railways. 


E Particulars of Conductor Rail. 

ЕЕ ни Length in nent mee ees ко Е 
1 Paris Metropolitan 5 : 4 > f — 93 — 9:15 
2 | New York Subway . Я А £ ‚| 40 and 60 75 A 7:98 
З | Boston Elevated о 5 : à : с 60 85 A 8:87 
4 | Central London с 3 : 5 ; . 80 and 42 85 D 8:87 
5 | Great Northern and City Railway . 6 : 42 80 D 7:87 
6 | Lancashire and Yorkshire Railway . ‘ + 60 70 A 6:9 
7 | Berlin Electric Overhead and Underground . | 39 ft. 44 ins. 56:5 А 5:6 
8 | Berlin-Zossen . ? d Е 5 Р 5 = — == = 
9 | Valtellina . : : Е Е : + Д = = == = 

10 | City and South London . : У : Я 80 40 D 4:0 
11 | Baker Street and Waterloo Railway ; б = 85 Е 8:87 
12 | Petaluma and Santa Rosa Railway, California -- = = = 
18 | Milan-Varese-Porto Ceresio Railway, Italy . | 89 ft. 4 ins. 90°7 A 9:2 
14 St. Georges de Commires la Mure, France . -- == == == 
15 | Liverpool Overhead . : А : ; Е 32 -- — 40 
16 | Mersey Railway, Liverpool . : с Р 60 100 Т section 9:8 
17 | Manx Electric Railway, Douglas-Ramsey 2 —- == = == 
18 | Seattle-Tacoma С с : T OT 3i 80 100 А 98 

19 | Jackson and Battle Creek Railway . : : 80 70 А 6:9 

20 | Manhattan Elevated 2 s z Е : 60 100 A 9:8 

21 | Metropolitan District Railway . а : : — 100 A 9:8 

22 | London, Brighton, and South Coast Railway . - == = = 

28 | New York Central . 5 é с ? я -- 70 В 6:9 

24 | Paris- Versailles de te : : 5 Е 59 94 В 9:26 

25 | North-Eastern . с В с A à : -- 80 В 78 


The material of the insulators themselves, should combine mechanical strength 
and durability with good electrical insulating properties. As these two properties do 
not usually exist together, it is somewhat difficult to obtain a satisfactory material. 

The material in most common use is of the earthenware variety. Thus the 


1 For Table LXXVII. and LXXVIII., see p. 272. 
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Baker Street and Waterloo Railway employs vitrified earthenware; the Central 
London Railway and the Metropolitan and District Railways of London are 


Fig. 212. Метнорв or MOUNTING AND INSULATING CONDUCTOR RAILS. 


employing highly vitrified porcelain. These insulators were manufactured by 


Fig. 213. CONDUCTOR RAIL INSULATOR. LONDON 
UNDERGROUND ELECTRIC Ratuways Co. 


Messrs. Doulton. 

The New York Central Railway, 
which has adopted the under-contact 
type of conductor rail, described here- 
after, is still experimenting with. the 
following substances with a view to 
finding the most suitable: vitrified clay, 
rubber and indurated fibre and recon- 
structed granite. Reconstructed granite 
is employed on the Manhattan Elevated 
Railway. > 

. А number of methods of mounting 
insulated rails of Vignoles, bull-head, 
channel, and solid section are shown 


in Fig. 212. Тһе diagram shows the | 


customary methods of mounting rails of 
each of these sections, although special 
means are employed іп exceptional 


cases. А reference to Figs. 220 and 221, | 


which show sections through various tracks, will be instructive in this connection. 
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The methods set forth in Fig. 212 are lettered А, В, С, ete., and a reference to 
column З of Table LXXV. will show the method in use on many of the roads enumerated 
iu that table. The commonest method (Fig. 2124) of mounting a flat-bottomed rail, 
is on a cylindrical drum insulator, with some kind of overhanging tip clamping the 
bottom flange of the rail. A view of the London Underground Electrie Railways Co.'s 
insulator is shown in Fig. 218. This consists of a black or cream enamelled 
vitrified stoneware of Messrs. Doulton’s manufacture, with base and cap of malleable 
east iron. 

The method shown in Fig. 212c is employed on the Paris-Orleans Railway, where 
& bull-headed rail is mounted and insulated on timber. 

Fig. 2190 shows mounting for a rail of channel section, as on the Central London 
Railway and on the City and South London Railway. The channel rail covers in the 
insulators, thus protecting them, and giving a highly satisfactory arrangement. It is 
| surprising that the channel rail 
has not been used to a greater 
extent, as it has proved more 
satisfactory than any others, in 
cases where it is employed. 

For mounting a solid type 
rail Fig. 212m shows а simple 
solution, where the rail is laid on 
earthenware insulators bolted on to 
the sleepers with wrought iron clips. 
This type of rail and mounting 
is used on the Baker Street and 
Waterloo Railway, the solid square 
section being employed to save 
space, an important matter in a 
tube railway, and at the same time 
to get a large cross-section of rail. : 

Wood is inferior to other insulating materials on the grounds of destructibility by 
weather and low durability. 

In designing the insulators, they should be relieved of undue stress, and should 
permit of sufficient freedom to the rail with regard to expansion, irregularities of track 
_ construction, and so forth. 

Fig. 214 shows another Doulton pedestal type insulator, somewhat similar to 
those employed on the District Railway. 

In Fig. 215 are shown two types of insulator by the Reconstructed Granite Co. 
The lower illustration in this figure relates to a solid insulator for flat-bottomed rails. 

Fig. 216 shows Chambers’ insulator for a rail of tapered channel section, which 
latter has been adopted by the Great Western Railway for their metropolitan lines. 


Fig. 214. PEDESTAL TYPE оғ RAIL INSULATOR. 


Protection of Live Rails. 


A bare exposed 500-volt conducting rail is sometimes required to have some 
mode of protection against anything falling on it and causing short circuits on the 
return rails, and also from the point of view of personal safety to the railway 
company’s servants and of trespassers. Although a potential of 500 volts is rarely 
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fatal to human Ше, the fact remains that a few fatal accidents have occurred, of 
which a 500-volt live rail has been the primary cause. Hence there have been many 


Fig. 215. RECONSTRUCTED GRANITE Со в INSULATORS. i 
DD 
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attempts to effectively guard the conductor rail against wilful tampering and 


accidental contact. 


Fig. 217 illustrates a number of typical methods which have been employed for 
guarding the live rail. The types are indicated by the letters A, B, C, and D, and 


| corresponding letters appear in column 4 of 


Table LXXV., thus indieating the methods of 
guarding, employed on several of the roads in 
that table. 

- Fig. 2174 is the least elaborate, consisting 
of a single board bolted to the rail and raised a 
few inches above it. This method is employed on 
the Mersey Railway, where the live conductors 


. are laid adjacent to one another between the two 
| tracks. The wooden guard running the entire 
length of the line on each rail has been considered 


sufficient protection to those of the company's 
servants, who alone have access to the line. 

In Fig. 9178 two boards are used, one on 
each side of therail. These afford better protection 
against anything falling across the line, and 
against the liability of any person coming in 
contact with the rail. 


Keonovoror RAI 
MARY БЕСТІ 


Fig. 216. CHAMBERS PATENT 
3RD RAIL INSULATOR. 


In Fig. 2170 the two boards are tapered to more effectively cover in the rail. 

In Fig. 217» an approach is made to covering in the rail with a horizontal board, 
leaving for the collecting shoe a small space between the upper face of the rail and the 
guard board. This necessitates an especially thin projecting shoe. 

In the sketch shown, the cover board is supported by a timber beam on edge, 
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Fig. 217. METHODS or PROTECTING CONDUCTOR RAILS, 


running beside the rail and bolted thereto. This method is in use on the Paris- 
Orleans line, the New York Subway, and the Wilkesbarre and Hazelton Railroad in 
Pennsylvania. The General Electric Co. of America have used a similar guard board, 

supported on light iron brackets bolted on to the track sleepers. 
The latest development in the direction of completely shielding the conductor rail 
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is the ** under-contact’’ method of mounting introduced on 
the lines of the New York Central Railroad Co. Fig. 218 
illustrates the ‘‘under-contact’’ type of rail mounting 
which is being tried on the New York Central Railway. 
The third rail is supported every 11 ft. by iron brackets, 
which hold the insulation blocks by a special clamp. The 
blocks, which are in two pieces, are 6 ins. long, and are 
designed so as to be interchangeable. Experiments are 
still being made with insulators of reconstructed granite, 
vitrified clay, rubber, and indurated fibre, to determine 
the relative advantages of these materials for the existing 
conditions. Between the supporting brackets the upper 
part of the rail is guarded by covering it with wooden 
sheathing, whieh is built up of three parts nailed together. 
A suitable shoe eapable of making contact at its upper or 
lower face can be arranged to pass automatically from this 
rail to the ordinary top-contact rail in portions of the 
track where the latter occurs. 


The advantages claimed for this type are (1) е ! 


thorough protection of Ше live rail; (2) less strain on Ше 
insulators, as the pressure from the shoe acts against 
instead of with gravity; (8) the board protection has a 
continuous support, and is therefore less liable to crack 
or warp; (4) the rail is more protected from the weather 
and hence less liable to corrode; (5) the contact surface is 
better protected from sleet or snow; (6) it is self-cleaning; 
and as there is much more space between the under-side 
of the rail and the earth, there will be less danger of 
accumulation of snow and ice and rubbish, and therefore 
less leakage. 

The New York Central Railway third rail is not 
mounted rigidly in the insulators but is given a little play 
for expansion and contraction, except at certain central 
points where it is anchored. It weighs 70 lbs. per yard, is 
of special section and composition, and has a resistance 
between seven and eight times that of copper. 

Another type of “ under-contact’’ arrangement, 
exploited by the Farnham Co., of Chicago, is illustrated 
in Fig. 219. 


Position of the Conductor Rails. 


There appears to be but little uniformity in deter- 
mining the position of the conductor rail with reference to 
the track rails, not only as to the distance between 
conduetor rail and track rail, but also as to whether the 
conductor rail shall be between the track rails, in the 
6-foot way, or outside the track on the off-side of the line, 
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and also as to whether the track sleepers shall carry the conductor rails. The late 
. Mr. W. E. Langdon, in a paper read before the Engineering Conferenee in 1908,! 


considered that the conductor rails should be confined to the 6-foot way and 
dissociated entirely from the sleepers which carry the track rails. This view was 


based on the following considerations :—(1) The permanent way must be constantly 
patrolled ; (2) packing and drainage of sleepers and renewals of broken chairs, sleepers, 


and rails, are constantly necessary, and must be provided for; (8) the off-side of the 
line is almost invariably used for laying out stores for works on the line, and by 


| workmen when walking along the line. These considerations would apply more to 


main line railways than to interurban lines or tubes, and it is notable that the 
Metropolitan and District Railways of London have laid the positive rail on the ой- 
side of the line outside the track, and the negative midway between the track rails. 
Both positive and negative rails are mounted on the track sleepers. The distance to 
be employed between the conductor rail and the track rails and the elevation of the 
former above the latter depend on the collecting arrangements on the trains, and on 


| Body of Car | 


Fig. 219. Тнв FARNHAM “ Unper-Contacr” PROTECTED THIRD RAIL SYSTEM. 


the overall width of the rolling stock. In the case of roads carrying also steam traffic, 


- the dimensions of the locomotives must be considered in this connection. 


In Table LXXY., we have set forth these dimensions for a number of lines at 
present in operation. While the dimensions are usually of much the same general 
order, there is no evidence of adherence to any standard dimensions. 

At the Engineering Conference in 1903, it was stated that the Clearing House 
Conference had decided in favour of a distance of 3 ft. 114 ins. from centre of conductor 


rail to centre of track (i.e., 291 ins. from centre of conductor rail to gauge line on 


nearest track rail), and that the top of the conductor rail should be 8 ins. higher 
than the top of the track rails. In America a move in the direction of standard 
dimensions has been made in the case of the electrification of the Long Island Rail- 
way,” where the same dimensions have been adopted as on the Pennsylvania Railway 
and the Interborough Rapid Transit Co.’s lines, namely 27 ins. from conductor rail 
centre to gauge line of track and 92 ins. difference in height between top of con- 
duetor rail and top of track rails. 


1 See Electrician, Vol. LI., p. 447 (July 3rd, 1908). 
? See Street Railway Jowrnal, Vol. XXVI., p. 828 (Nov. 4th, 1905). 
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Particulars of Conductor Rails for Various Railways. 


| 


2 N a = = в 
E E Es | 364, [Es $E. 
E ca | Ba | азу | т ШШЕ 
E $5 | gs | Зза. 852) 28 
E $2 | $2 | 24 | sse END 
© А 4 == ae A £ E 
Main line railways :— 
1 Albany and Hudson Railway, New York — — 27 -- 6 
2 Baltimore and Ohio, new location = Еж 80 = 3 
8 z » old location -- == 24 -- 1 
4 Mersey Railway — — 22 -- 1 
5 Milan Varese Е А D 26 а 733 
6 Neuchatel (Fribourg- Morat). A С — а = 
7 North-Eastern. A B 191 а 81 
8 New York, New Haven, and Hartford: == == 284 5 1 
9 Paris-Orleans 5 с D 252 а 7 
Interurban railways :— 
10 Aurora, Elgin, and Chicago . = = 204 За 6% 
11 Columbus, Buckeye Lake, and Newark - 27 Е (9 
12 Columbus, London, and Springfield = == 97 = 6 
18 General Electric Railway, Schenectady . = = 28 -- 8 
14 Grand Haven, Grand Rapids, and Muskegon = — 208 -- 6 
15 Lackawanna and Wyoming Valley : -- -- 208 ==) 6 
16 New York Central — — 29 а 23 
17 Wilkesbarre and Hazleton Railway A D 28 a 5 
Underground and elevated :— 
18 Baker Street and Waterloo . Е -- | bs d is b i 
19 Berlin Overhead and е: В — 5 143 a Tis 
20 Boston Elevated . 3 -- -- 20: а 6 
21 Brooklyn Elevated -- — 22 — 6 
22 | Central London D - 281 b 1$ 
28 Great Northern and. City A -- | ie | 2 == 
24 King’s County Elevated Railway, New York | — — 194 ЕЕ 5 
25 Lake Street Elev ated, Chicago . -- — 20% -- 6 
26 Liverpool Overhead Railway — -- 281 а 1 
97 Manhattan Elevated A B 20$ а Т 
98 Metropolitan District . : A. AandB | то m b : 
#(- 
29 Metropolitan West Side Elevated, pe С — 201 а 6 
30 North-Western Elevated Railway, Chicago . О -- 204 а 
81 Paris Metropolitan A -- 184% а 11H 
32 Rapid Transit Subway, New York -- = 22 — 4 
38 South Side Elevated, Chicago С — 201 d 6 
T | same 
| PUN үе and City -- -- 28 a { level 


From Table LXXV. we see that several American roads have used 201 ins. and 

63 ins. for these dimensions. While there have, in various quarters, appeared sporadic 
attempts to standardise the position of the conductor rail, there appears to be no - 
general and concerted effort for standardisation. We have given data for as many 
lines as possible, and would not at present lay down any one set of recommendations 
to be followed. It might be convenient to adopt the distance of 282 ins. between 
centre of third rail and gauge line which has been employed by the Underground 
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Railways Co. of London, as this dimension bears some relation to the track gauge, 
being, in fact, exactly one half of the standard gauge of 4 ft. 81 ins. 

In Fig. 220 are shown sections through the conductor rails and track rails 
for single tracks, and in Fig. 221 for double tracks, of a number of typical railways, 
including most of the types of rail and of constructions which are as yet met with. 

From these figures one may study the various methods of mounting track and 
conductor rails of various sections, and the relative position of the rails on these 
lines, and also in some cases the current collecting arrangements for rails protected 
in the various ways already enumerated. 

In Table LXXIV. we have given for a number of railways, the leading particulars 
of the conductor rails. These comprise length per rail, weight per yard, area of 


2 


A Vignoles. В Bull Headed 


D Channel E Solid 


Fig. 222. SECTIONS OF VARIOUS TYPES ОЕ CONDUCTOR AND Track RAILS ім Common USE. 
(See reference letters in col. A, Tables 75, 103). 


cross-section, and shape of rail section. For the latter item we show in Fig. 222 the | 
sections of the various rails in common use, each section being designated with a 
letter, A, В, C, etc., corresponding with the letters in column 5 of Table LXXIV. 


OVERHEAD SYSTEM. 


In the overhead system the conductor is suspended above the track by attachment | 
to one or two steel or bronze cables according to the distance between the supports 
and the nature of the train service. The method of suspending the conductor for | 
railways, differs from that adopted for tramways. In the latter case the wire or | 
conductor is attached to ears fixed to brackets or span wires 100 to 120 ft. apart; this 
method is quite unsuitable for railways owing to the higher speed and voltage 
commonly employed. Height and alignment should be maintained as uniformly as 
possible, so as to prevent shocks to the collector and suspensions, and to avoid 
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swaying. Further, it is necessary to secure the conductor во as to obviate the risk of 


breakdown, and to secure immunity from contact between conductors and vehicles 
should a conductor break. All these objects are secured by supporting the conductor 
at frequent intervals from steel or bronze cables suspended over the track, thus 
relieving the conductor of mechanical stresses. 

The suspension cables may be supported from bracket arms attached to side poles 
in the case of a single line, or may be supported from a gantry spanning the tracks 
where two or more tracks are used. 

` Where side poles are used, the distance between poles on straight lengths of track 
should not exceed 120 ft., and in the case of gantries the distance may be from 120 


to 300 ft., according to the height and strength of the gantry structure. On curves 


of less than 15 chains radius, intermediate poles are necessary for pull-off purposes. 
The supports for carrying the brackets or gantries must be erected so that there 


shall be a minimum clearance of 2 ft. 4ins. between the structure and the railway 
7 carriage, in accordance with the Board of Trade rules. 


The suspension cables should be stranded, and may be of galvanised steel or 


silicon bronze: 


For spans up to 180 ft. a single suspension cable may be used; a steel cable 
made up of 19 strands of No. 12 §.W.G., and having an ultimate tensile strength of 
96,500 Ibs. per square inch, will be found suitable. In order to minimize the swaying 
of the suspension cable due to wind pressure, the conductor should be stayed at the 


’ main supports. 


For spans exceeding 180 ft. in length, a double cable suspension is recommended 
by some, in order to provide against lateral movement or swaying. This object is 
attained by spreading the cables apart from the middle of the span to the supports, so 
that the cables are curved in plan as well as in elevation; in other words, the cables 


| instead of hanging in a vertical plane, are set in an inclined plane passing through 


the points of support and the conductor hangers; this form of suspension is very 


unyielding as regards lateral movement, but yields slightly to an upward pressure 


and relieves the collector of any shocks. A suitable size and quality of cable for 
double suspension, consists of 7 galvanised steel wires, each No. 10 S.W.G., the material 


4 having an ultimate tensile strength of 96,500 lbs. per sq. in. 


For single cable suspension, the conductor may be suspended by hangers consisting 
of a single wire of galvanised steel of No. 8 S. W.G-, one end being fixed to a clamp on 
the cable and the other to a mechanical ear which grips the conductor. 

Where double cable suspension is used, the conductor is attached to the two cables 
by rods which may be made adjustable to suit any position in the span, or they may 
be made in fixed lengths, the number of different lengths depending upon the number 
of suspensions in the span. The simplest form of suspension consists of a stranded 
steel wire, the two ends of which are twisted around the suspension cables, the wire 


being passed through an eye in the ear or conductor grip. А suitable size of suspension 


consists of seven strands of No. 14 S. W.G. galvanised steel wire. Where attached to the 
cable, the core is cut away and the two sets of three strands are twisted around the 
cable in opposite directions. The two suspension cables may or may not be tied 
together, and either a rod or a stranded wire may be used for the purpose. 

In erecting the overhead structure, the cables should be set so that the conductor 
suspended from them is approximately level for mean temperature conditions which 
may be taken at 50 degrees F. in this country. Table LXXVI. gives the dips 
at different temperatures and for spans varying between 120 ft. and 180 ft. for a 
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single 19/12 steel cable carrying No. 4/0 hard drawn copper conductor, and ‘also the 
dips for a span of 800 ft. for two steel cables, each cable being made up of seven 
No. 10 S.W.G. wires and supporting a No. 4/0 hard drawn copper wire. In each case the 
ultimate strength is taken at 96,500 lbs., and the factor of safety at 4 with wind 
pressure of 30 lbs. per sq. ft. The suspension cables being metallically connected 
to the conductor, are in consequence charged to the same potential, and must therefore 
be insulated from the supports; various forms of insulators are used by different 
companies, some of which will be illustrated later. The suspension cables should be 
clamped down to the insulators. 


TABLE LXXVI. 
Table of Span and Dip of Suspension Cables. 


Breaking stress = 96,500 lbs. per sq. in. = 48 tons per sq. in. 

Modulus of Е. = 30,000,000. 

Coeff. of expansion = 0:00000683 per degree Е. 

Factor of safety at 10 degrees Е. wind pressure 80 lbs. per sq. ft. = 4. 

Conductor = 4/0 8.W.G. copper. 

Sag in feet for various spans and temperatures. 

Single suspension of 19/12 S.W.G. steel wire cable. 

Weight of span, including suspension cable, hangers and conductor = 1:2 lbs. 


per foot. 


Span in feet. 10 20 80 40 50 60 70 80 90 100 еру; 
190 0:86 | -094| 1:08 | 1:12 | 1:22 |. 1:81 | 140 | 149 | 158 | 1-67 
130 1:01 |-1:10 | 1:20 | 199 | 188 148 | 1:58 | 1:67 | 1-77 | 1:87 
140 1:17 | 1:27 | 1:37 | 1:47 | 157 | 167 | 1:78 | 1°68 | 1:98 | 9:08 
150 1:35 | 1:46 | 1-56 | 1:67 |. 177 | 1:87 | 1:98 | 2°09 | 2:20 | 2:80 
160 1:58 | 1°65 | 1:76 | 1:87 | 1:98 | 2:09 | 2:20 | 281 | 2:42 | 2:58 
170 1:78 | 1:85 | 197 | 2:08 | 2:20 9:81 | 248 | 2:55 | 2°67 | 2°78 
180 1:94 | 2:07 | 2:19 | 2:31 | 2:48 | 2:55 | 269 | 2:81 | 298 | 8:06 


Double suspension of 7/10 s.w.. steel wire cable. 
Weight of suspension cables, hangers and conductor = 15 lbs. per foot. 


6:56 | 6:68 | 68 


800 5-7 5:88 6:88 | 6:44 


5:95 | 6:08 | 6:21 


The conductor is, as а rule, made of copper and grooved, and the usual size is 
Хо. 8/0 or No. 4/0 В. & S. ; it should be suspended at a height of from 19 ft. to 21 It. 
above the rails wherever permissible. The conductor is attached to the suspension 
cables by the hangers, at intervals of 10 ft.; where bow collectors are used the 


conductor should be set with a total stagger of 17 ins., that is, 84 ins. on each side of | 


the centre. 
On curves of more than 30 chains radius, and with an allowable deviation from 


the central position of 1 ft., no special appliances are necessary ; on curves 


between 15 and 30 chains the conductor may be pulled off from the gantries or side 
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poles, whilst on curves of less than 15 chains radius, pull-offs must be made to special 
poles provided for that purpose. | 

With regard to turnouts and crossways the angles are usually so small that 
special frogs are not necessary; the frog ear is arranged so that one trolley wire 
passes immediately over the other at the crossing, and the two are brought to the 
same level within a few feet of the crossing, the length of bow being sufficient to 
bridge the two wires before the difference in level affects the contact. In addition to 
the section insulators provided for separating the portions of the conductor fed by 
different feeders, section insulators should be fixed at crossover roads for keeping 
the overhead system of the two tracks entirely separate from one another. 

The overhead work at bridges and tunnels will vary with the type and clearance. 


Fig. 223. РнотосвАРЕ SHOWING SINGLE CABLE SUSPENSION WITH SIDE POLES AS 
ERECTED BY THE WESTINGHOUSE CoMPANY. 


At high bridges it may be possible to carry the overhead wires through without 
special work. Where the clearance is small, it will be necessary to support the 
conductor from insulators attached directly to the structure. 

Where, however, the clearance is so small as not to admit of this arrangement 
with any degree of safety, the conductors should be spread out of reach of the bow, 
and additional dead wires fixed to provide a running surface for the bow, section 
insulators being provided at the necessary distance apart on each side of the bridge so 
that the portion under the bridge cannot, under any circumstances, be made alive. 
This arrangement is not suitable for tunnels where a continuous live conductor must 
be provided ; in this case the conductor must be fixed near the ground at the side of 
or between the rails, and the current collected by shoes attached to the cars; for the 
safety of the men working on the line, this arrangement will necessitate a reduction 
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of the voltage of supply from that given by the overhead conductors to that needed 
directly at the motor terminals, the car transformer being cut out of circuit whilst 
running over this section. 

We now submit illustrations of finished structures and also details of parts of the 
overhead structure. 

A photograph of a side pole construction with single cable suspension is shown in 
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Fig. 224. PHOTOGRAPH SHOWING DOUBLE CABLE SUSPENSION SUPPORTED 
FROM GANTRIES CONSTRUCTED BY THE WESTINGHOUSE CoMPANY. 


Fig. 223, and a photograph of a double suspension with gantry supports is shown in 
Fig. 224. 

As regards the details of construction of overhead conductor and supports, 
Fig. 225 shows a side pole and bracket for single cable suspension and single 
insulation, consisting of a latticed post with angle iron bracket arm carrying 8 
porcelain insulator to which the suspension cable is clipped; the conductor is stayed 
from the post by means of a specially prepared rod of hickory. 
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Fig. 226 shows a side pole and bracket for single cable suspension, but with 
| double insulation with special form of anchorage designed to yield slightly in a 
vertical direction, so as to prevent shock as the collector passes, and at the same time 
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Fig. 225. біре Рога SINGLE INSULATION, SINGLE ABLE SUSPENSION. (BRITISH THOMSON- 
Hovsron Со.) 


to effectively prevent swaying in a lateral direction; these methods are used by the 
| British Thomson Houston Co. 

Fig. 227 shows the method adopted by the Westinghouse Co. for suspending 
and staying the conductor for single suspension, single insulation with side 
poles. The insulator, Fig. 228, consists of a corrugated porcelain cylinder about 
6 ins. long, 6 ins. diameter, with a 8 in. hole and a groove about half-inch deep about 
its centre. This porcelain is cemented on a malleable iron sleeve fitted with clamps, 
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by means of which it is secured to the bracket arm. The clamps of the mounting 
sleeve are provided with lugs into which loops are inserted for the purpose of 


PLAN of CROSS-PIECE 


Fig. 226. SIDE POLE DOUBLE INSULATION SINGLE CABLE SUSPENSION WITH VERTICALLY 
YIELDING ANCHORAGE. (British THomson-Hovusron Со.) 


protecting the porcelain against accidental breakage by reason of a trolley flying off 
the wire and striking the porcelain. 

Fig. 229 shows the stay used to prevent the conductor from swaying. 

Fig. 230 shows a section insulator; as the suspension cable and the conductor are 
electrically connected it is necessary to break the circuit on both. The ends of the 
suspension cable are fastened to separate line insulators which are suspended from | 
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| the bracket arms, and the continuity of the conductor is broken and the space filled 
by a piece of specially treated hickory. 
| Fig. 281 shows another method of sectionalising the conductor: the ends of the 


Fig. 227. біре POLE AND BRACKET ARM, WITH INSULATORS AND STAY. 
(Ввттівн WESTINGHOUSE Co.) 


two sections, instead of being continued in a straight line, run parallel for a short 
distance, the bow being long 
enough to bridge the space 
between them; oil break switches 
are also shown for connecting up 
the sections, and an air break 
switch for connecting the con- 
duetors over the separate lines 
of track. 

Fig. 232 illustrates the hanger 
_ for suspending the conductor from · 
the cable; the upper end of the 
hanger is clamped to the cable 
and the lower end carries a vice 
which grips the conductor, the 
latter being grooved to afford a 
hold for the clips. 
_ Fig. 233 shows a curve pull Fig. 228.—ВкАскет Акм INSULATOR. (BRITISH 
off; on sharp curves these must WESTINGHOUSE Co.) 
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be provided in order to maintain the position of the conductor relative to the 
track, within the prescribed limits. 

For two or more tracks, it is necessary to employ a gantry spanning the tracks 
for supporting the overhead lines; these may be of light design where they are spaced 
from 150 to 180 ft. apart, in which case a single cable suspension is used. Fig. 994 


Fig. 229. INSULATED Stay For TROLLEY WIRE FOR ATTACHING то 
Bracket Arm. (BRITISH WESTINGHOUSE Co.) 


shows a gantry for two tracks, supporting two conductors on the single cable principle 
with double insulation, In many cases it is found cheaper to increase the length of 
span and diminish the number of supports; in this case the gantry supports are 
stiffer and higher, and it becomes necessary to employ a double cable suspension to 
prevent lateral movement of the conductor. 

A general view of this kind of structure is shown in Fig. 285. The span 


Fig. 230. SECTION INSULATOR. (BRITISH WESTINGHOUSE Co.) 


is 800 ft. Fig. 285 shows gantry constructions for two, four and six tracks with 

double cable suspension. The two supporting cables and the conductor are tied 

together, the ties forming three sides of a triangle; the cables are set in a plane 

passing through the points of suspension and the attachment to the conductor, this 

forming a very rigid arrangement; the triangles formed by the tie rods remain 
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‘similar, but vary in size according to their position in the span. 


made in sets and non-adjustable, or in single adjustable pattern. 


TRACK RAILS. 


The ties can be 


The track rails are frequently used as a return conductor, and it is important, 
therefore, to know the properties of track rails as conductors of electricity and the 


methods adopted for securing electrical continuity. 


ТЕЛІ ах 


(British THomson-Hovuston Co.) 
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METHOD оғ SECTIONALISING CONDUCTOR. 


Fig. 231. 
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Fig. 232. HANGER OF SUSPENDER. 


Fig. 283. Совук PuLL-oFF. (BRITISH WESTINGHOUSE Co.) 


(BRITISH WESTINGHOUSE Co.) 


Fig. 234. 
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PRINCIPLE WITH DOUBLE INSULATION. (British THomson-Hovston Оо.) 
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TWO TRACK BRIDGE 
WITHOUT SIGNALS 


TWO TRACK BRIOGE 
WITH SIGNALS 


Fig. 235. GANTRY CONSTRUCTIONS 
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Were the electrical standpoint alone considered, the material of the track rails 
should be chosen with reference to its specific conductivity. This is, of course, 
| impracticable, as a minimum of wear is a matter of prime importance. 

The most extensively employed material for track rails is hard steel, but practice 
| as regards the composition of rails has varied considerably in the past, and even now 
_ one finds wide variations in the practice of different railroads and of different countries. 
| It may be said that English rails some years back commonly conformed to the following 
analysis :— 


Carbon . s с : ‘ : 5 . 0:25 to 0:85 
Manganese . : с 5 з , . 0-8 to 1:0 
Silicon . я А Я я : Е . 0:05 
Phosphorus . ; : : ; : . 0:06 
Sulphur я А : с я я 2 0:06 


Of late years Ше percentage of carbon has increased. One large railway company 


'Specifies— 
Carbon c я Я ; 2 ; . 0:4 to 0:5 
Manganese . Р : с 5 : . 0:85 to 0:95 
Silicon 5 Е ; 2 с ; . 0:06 to 0:10 
Phosphorus . . : 5 с : . 0:08 4001 
Sulphur б : : d 5 : . 0:08 


In American practice, the carbon runs still higher, and may be fairly represented 
E the following analysis :—- 


Carbon 2 : : с 3 Я ‚ 0:45 to 0:55 
Manganese . à 5 : 7 5 . 08%о1:0 
Silicon А с : : с с . 0:1 %о 0:15 
Phosphorus 5 : a с A 1006 
Мейр ы и 0:06 


A report recently issued by the American Society of Civil Engineers, drawn up 
after the investigation of manufacture and chemical composition of rails, {recommends 
the following specifications :— 


Bessemer Steel Rails. 


Composition, пыйы | и 
Carbon К ; б 0:50 to 0:60 0:58 to 0:68 0:55 to 0°65 
Phosphorus, not exceeding . | 0:085 0:085 0:085 
Silicon % .| 0:20 0:20 0:20 
Sulphur a 239070175 0:075 0:075 
Manganese 0:75 to 1:00 0:80 to 1:05 0:80 to 1:05 
Basie Open-hearth. 
70 to 79 Ibs. 80 to 80 108. 90 to 100 lbs. 
xL Per cent, Per cent. Per cent. 
Carbon . 4 c . . | 0:58 to 0:68 0:58 to 0:68 0:65 to 0°75 
Phosphorus, not exceeding . | 0:05 0:05 0:05 
Silicon - . | 0:20 0:20 0:20 
Sulphur 5; 10:00 0:06 0:06 
Manganese . 5 5 .| 0:75 to 1:00 0:80 to 1:05 0:80 to 1:05 
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The manufacturers’ standard specification for the acid Bessemer process has been 
as follows :— 


| 

| 

3 

70 lbs. up to 80 lbs. | 80 lbs. up to 90 Ibs. | 90 105. up to 100 Ibs. B 
1 


Composition, Per cent. ү Per cent. Per cent, 
Carbon . 5 : 5 .| 0°45 to 0:55 0:48 to 0:58 0:50 %о 0:60 
Phosphorus, not exceeding . 0:10 0:10 0:10 
Silicon ў 2 10:20 0:20 0:20 


Manganese . . .  .| 075 40 1:00 | 080 0110 | 0:80 to 1:10 


In France, yet higher percentages of carbon have been employed, running up to | 
nearly 1 per cent. 
The bull-head rail has now been standardised in Great Britain by the Engineering | 
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Fig. 236.—ENGINEERING STANDARDS. COMMITTEE STANDARD SECTIONS. H 


Standards Committee. Three standard sections, weighing respectively, 80, 90, and { 
100 lbs. per yard, are shown in Fig. 236. | 


\ 
Whether of Bessemer or Siemens-Martin steel, the chemical composition ізі! 
specified as follows :— | 
Carbon . Е 5 ; 5 . 0:85 to 0:5 per cent. 3 
Manganese . i х 5 . 0:75 LO » | 
Silicon not to exceed ^ 5 ЗАО ds | 

Phosphorus . ‘ ? с . 0:075 X 

Sulphur . : 0:08 5 


The results, as far as regards the electrical resistance, are shown in the following 
table! of trials of sample sections of steel rail of varying composition, which were 
furnished for testing purposes :— 


М Resistance іп Ohms | Resistance in Ohms | 
Carbon. Manganese, Silicon, Phosphorus. Sulphur, compared with of 1 Mile, 1 Square | 
Copper at 20° С. Inch Section at 20? С. 
0:878 0:550 0:181 0:040 0:041 10:8 0:468 
0446 . 0:568 0:188 0:046 0:044 11:1 0:482 
0:586 0:592 0:201 0:051 0:059 11:8 0:490 
0:568 0:608 0:204 0:058 0:061 11:4 0:495 
0:588 0:632 0:214 0:056 0:065 11:5 0:499 
0:610 0:650 0:220 0:062 0:071 12:9 0:560 


! These results, as also certain others contained in this section, are taken from a paper entitled 
“Earth Returns for Electric Tramways,” by Н.Е. Parshall.—* Journal of the Institution of Electrical 
Engineers," Vol. XXVII., p. 440. 
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Hight 76-Ib. track rails, tested in place after two and a half years’ use, gave the 
following results :— 


P Resistance in Ohms, of 
Б | ich Copper ab MG. По Square tach 
it 11:8 0:490 
2 10:8 0:447 
3 10:1 0:488 
4 107 0:464 
5 9°65 0:419 
6 10:07 0:487 
(Й 10:25 0:445 
8 10°50 0:455 
Average . 10°4 "45 


Two old 65-І. rails, much worn, tested in places, gave the following results :— 


Resistance in Ohms of 
1 Mile of 1 Square Inch 
Sectional Areaat 209 С. 


Resistance compared 
Test Number. with Copper at 20? C. 


1 ДЇ 0:508 
2 12:8 0:584 
Average . 120 0°52 


Higher values would be expected owing to the wearing of the rail, which is not 
allowed for in the calculations. 
Two new 90-Ib. rails, tested in place, gave the results following :— 


Ps Resistance in Ohins of 
Test Number. ee сора 1 Mile of 1 Square Inch 
жон соррег а * | Sectional Area at 20° С. 


10°6 0:460 


1 
2 - 10:4 0:451 . 
Average . 10:5 |. 0455 


А 663-1Ъ. rail, not laid, gave results as follows :— 


1 10:0 0°434 


Thus for practical purposes, we may estimate the resistance of track rails on the 
basis of a specific resistance equal to eleven times that of copper 

In Table LXXVIL. are given for the three standard rails of Fig. 236, the resistances 
in ohms per mile for single track and two-track roads, the resistance of the bonds being 
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assumed as negligible. For types of bonding where this assumption should not hold, 
suitable correction factors are employed based on experience. A poorly bonded track 
may have a far higher resistance. The table also includes the tons рег mile, and also ` 
the cost of the steel rails per mile of single and double track. 

The figures given in Table LXXVII. are based on the assumption that the rail ! 
has 10°5 times Ше resistance of pure copper. | 


Tasng LXXVII. 
Particulars of Standard Track Rails. 


Single Track—Two Rails, Double Track—Four Rails. 
Weight of Rail | Weight of Rails Resistance of Cost of Track Weight of Rails Resistance of 
in Pounds in Tons per Mile | Track in Ohms | Rails in Pounds | in Tons per Mile | Track in Ohms 
per Yard. of Track. per Mile. per Mile. of Track. per Mile. 
80 126 0:028 660 252 0:014 
90 141 0:025 742 282 0:0125 
100 157 0:0225 825 814 0:0112 


Specific resistance of steel = 10°5 times that of pure copper. 


In Table LXXVIII. are brought together a considerable number of particulars | 
of the track rails of various electric railways. 


TABLE LXXVIII. 


Particulars of Track Rails of Various Railways. 


Particulars of Track Rails. E 
Railway. 2 А gii 
Length in Weight ii Section. Area inSquare | | 
Feet. per Yard. (See Fig, 222.) Inches, | 
1 | Paris Metropolitan . . 3 50 100 A 9:8 
2 | New York Subway. . 5 : 38 100 А 9:8 
8 | Boston Elevated . я А 5 60 85 — 8:86 
К { 60 (В) 100 (В) | B used for points 9:8 
шасе *. 1| 600) | 100 (0). (6 used in tunnels 98 
5 | Great Northern and City Railway -- 85 Flanged cross-section 8:86 
6 | Lancashire and Yorkshire Railway -- 70 В 6:9 
7 | Berlin Electric Overhead and 39 ft. 4in ( 759 А 52-lb. rails west side 5:12 
Underground Р P CS6 A 86-lb. rails east side 8:46 
8 | Berlin-Zossen  . 5 А . | 89 ft. 5 ins. í 82 A e 
; 55 — 5 
9 | Valtellina  . а 5 а ^l — 71 zu 7:0 
10 | City and South London +. — | m s > 
11 | Baker Street and Waterloo (| 84 ft. 11 ins. 90 В 8:85 
Railway || 96 ft. 5 ins. 90 B 8:85 
12 | Petaluma and Santa Rosa Rail- 30 70 (| А American Society Civil 6-9 
way, California || Engineers’ standard 
18 | МПал - Varese- Porto Оегевіо | 79. . 
Railway, Italy | Е 2б E Т 
14 | St. Georges de Commires la қ 
Mure, France | en A ш oi 
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Taste LXXVIII.—continued. 


Particulars of Track Rails. 
m Lieu Weight in ТЕН 
s | тш Section. зе 
15 | Liverpool Overhead . : : — 56 A 5:51 
16 | Mersey Railway, Liverpool . : 36 86 B 8:46 
17 | Manx Electric Railway, Douglas, | 56 A 5:51 
| Ramsey | T 62:5 А 6:16 
18 | Seattle-Tacoma . с : 5 80 70 А 6:9 
19 Jackson and Battle Creek Railway 80 70 A 6:9 
20 Manhattan Elevated $ : — — — ЕЕ 
21 | Metropolitan District Railway . -- — — — 
22 | London, Brighton, and South | 
Coast Railway j E py ЕЗ ut 
. 28 | New York Central : 5 ; -- == = — 
24 | Paris- Versailles . : 5 : — — — — 
25 | North-Eastern . 2 : A — — — — 
Bonds. 


By far the greater percentage of the bonds at present in use are of the so-called 
“ pressure-contact ” type, and consist in a heavy copper wire or cable, with drop-forged 
terminals. In some types of bond, cast copper 
terminals have been employed, but these 
have been most: unsatisfactory. Тһе resist- 
ance of cast copper is very much greater 
than that of drawn copper, so that it is not 
so much suited for bonds. Further, and most 
. important, the union between cast copper and 
drawn copper wires is imperfect, so that the Fig. 237. GENERAL Ёгкствто Со. (U.S.A.) 
electrical resistance is much higher than that Вап BOND: SECTION THROUGH BOND, 
between two pieces of bare copper fused SHOWING ErrecT OF COMPRESSION. 
together. 

In the pressure-contact type of bond, the current density at the contact surface 
should preferably not exceed twenty-five amperes per square inch. The fact that 
higher current densities are used in the bulk of the work done, does not affect the 
desirability of adhering to the above rule. 

_ In the pressure-contact type of bond, in spite of the greatest care in installing, 
there will always be some slight movement between the surface, due either to tem- 
perature changes or to vibration occurring during the passage of cars or trains, or to 
the combined effect of temperature changes and vibration. This leads ultimately to a 
loosening of the joint; a film of oxide forms, and the value of the contact is gradually 
destroyed. 

The pressure-contact types of bond have been of two kinds. In the one the bond 
| terminal was forced through an external cylindrieal copper sleeve, but this type requires 
two contact surfaces between the rail and the bond. In an alternative type, a steel 
channel pin is driven through a hole in the head of the bond, forcing the copper bond into 
| close contact with the metal rail. 
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| 
One such type of bond, made by the General Electric Co., U.S.A., is shown | 


in Fig. 237, and the steel channel? 
pin is shown at its centre, as already | 
'explained. In this type of bond, | 
the conical ends of the steel 
channel pin are hardened, and the ` 
shank, which is soft at the centre, 
expands under the pressure which | 
is applied at the two ends of the | 
bond. | 
Fig. 238 shows a bond of this | 
type, arranged to be protected by the 
fish-plate. For this purpose it has | 
a double cable for straddling the 
fish-plate bolts. | 
In Fig. 239 the bonds are located under Ше bottom flange of Ше rail. In | 


Fig. 238. GENERAL Егествіс Co. Тури оғ Bonn, 
PROTECTED BY FISHPLATE. 


1 


Fig. 239. GENERAN ELECTRIC Co. TYPE or BOND UNDER SOLE or RAIL. Я ш 


Fig. 240 there is not room enough for the bonds under the fish- plate, and 
it becomes necessary to locate Шап! outside of the fish-plate. 


4 
E 
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Fig. 240. GENERAL Етествіс Co. BOND OUTSIDE 
FISHPLATE. 


Fig. 941. Вап, BONDING Press. 


274 


PoE DISTRIBUTING SYSTEM 


Fig. 241 shows a rail bond compressor used for expanding the bond in place. 
The “Protected " Rail Bond, made by the Forest City Electrical Co., is an instance 


Fig. 242. Forest Сит Епествис Со/в PROTECTED BOND. 


of another frequently used type of bond. Fig. 242 shows the general arrangement 
of a joint with protected bonds between the fish-plate and the rail web. The bond 
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consists of copper strips or stranded copper, fused or welded on to solid cylindrical | 
terminals, which are expanded into 3 
holes in the rail by a bond com- | 
‘pressor. Fig. 248 gives a view of | 
this bond with fish-plate removed. | 
The Forest City bonds are used 
on the Metropolitan District | 
Railway Co.’s track. Figs. 244 
and 245 show one of these quad- | 
ruple bonds located beneath the 
sole of the rail. | 
Fig. 246 shows the Chicago Rail Bond, in which contact is made by pressure of a | 


Fig. 243, Рвотестер Түре RAIL BOND UNDER 
FIsHPLATE. 


| 


Fig. 244. PROTECTED ТҮРЕ or BONDS on LONDON UNDERGROUND ELECTRIC RAILWAYS. 


copper cylinder against the sides of a hole in Ше rail by means of a steel pin driven | 
into the hole in the copper cylinder. This 
makes a solid contact between the iron an 
the copper, excluding moisture and air and 
minimising corrosion. With the original 
Chicago bond, as illustrated in Fig. 246, i 
was necessary for both sides of the rail to be 
exposed, as the pin was driven in from the 
reverse side of the rail to that on whieh the 
bond was placed. This led to the develop- 
ment of the Chicago Crown Bond, illustrated 
in Fig. 247, in which the copper terminal i 
made so that the securing pin is driven i 
Fig. 945. Рвотвстир Тури or Вохо on from the same side of the rail as the bond 
Тохрох Unpurarovyp Exxcrric Влплхлүз. The connecting piece is either of solid 0 
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franded copper, welded into the copper terminal cylinders, the stranded form 
allowing greater flexibility. 

Crown bonds are employed on the Central London Railway and elsewhere. 

The Neptune Bond has а steel cylindrical pin driven into а cylindrical 
hole in the copper terminal, which 
fits a hole in the web of the 
rail. 

The Columbia Bond (Fig. 248) 
is another type where direct 
pressure between the copper ter- 
minal with the sides of a hole in 
the web of the rail, is used. Іп 
this case the bond end takes the 
form of a tapered cylinder on 
which is slipped from the other ai тт тт тт 
| Че of Ше rail, а tapered thimble. Кү ПС В ҰЛ 
The copper terminal and thimble | wo YT Шр фр 
are expanded by а hand press 
to give a solid contact with Fig. 246. CHICAGO Кап, BOND. 
the rail. 

Amongst the various pressure-contact types of bond referred to above, there would 
тоб appear to be much to choose, and all are extensively used at the present time. 
| The chief property is to get a solid, durable, and reliable contact between the rail and 
the bond, and generally wherever 
ihe bond is pressed and expanded 
into the rail this is obtained. 

It will be noted that, although 
in the pressure-contact type of 
Fig. 247. Crown Бап, Box. bonding the contacts when new 

; may have an absolutely negligible 
| resistance, the resistance of the path for the return current is increased by the 

resistance due to the length of the bond itself. For this reason it is desirable to 
' make such bonds as short as possible. On the other hand, the shorter the bond 
the less is its flexibility and the greater is the liability to deterioration, and, as a 
matter of fact, fairly long bonds are used 
for this more important reason. In newly 
and correctly bonded roads, the resistance 
of the bonded rail return need rarely be 
more than 5 per cent. greater than that 
| due to Ше rail itself. Тһе deterioration Fig. 248. Conumpra Ram Bonn. 
| of bonding is generally rather rapid; at 
| the end of a few years at the longest, the resistance will in many cases be inereased 
to a considerable percentage. These remarks refer to the resistance of the metallie 
eireuit on the assumption that no current flows by the earth. As a matter of fact, 
however, large percentages of the current return by the earth, thereby greatly reducing 
the voltage drop. This is liable to lead to undesirable consequences through the 
electrolysis of waterpipes and ironwork in general, located below the street level, 
and Board of Trade regulations have been framed with a view to limiting 
this danger. 


------- 


24 
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Soldered Rail Bonds. 


In this type of bond, the continuity is made from rail to rail by means of a strip _ 
or bundle of strips of copper actually soldered on to the rails. 3 
Tests and inspection after several years’ working on several roads аге said to һахе 
shown the bonds and contacts to be in as good condition as when installed. If is 


Fig. 249. THomas’ SOLDERED Вап, BONDS. 


stated that the Thomas Bond (Fig. 249) has been in use for over 8 years on the | | 
Boston Elevated Railway, Ше Bershore Street Railway, and the Chicago and Milwaukee | 
Electric Railway. Fig. 249 will explain the construction of this bond, in which the 


Fig. 250. SHAwMUT SOLDERED Кап, Вомр. 


bond, besides being p i. on to the rails, is pressed against them by the fish-plate 
when bolted on. 

Fig. 250 depicts several types of the Shawmut soldered bond. This bond is — 
similar to the Thomas type. The bond is built of flexible copper ribbon, and | 
can be fixed on the web, or base, or ball of the rails, or from the web to & 
fish-plate, as shown. ; 
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Resistance of Bonds. 


Тавге LXXIX. 


Resistances of Rail Bonds. 


Table LXXIX., compiled from tests made by one of the authors, gives some 
data as to the resistance of bonds. 


Resistance in 
Microhms of Two 
"Terminals in Series. 


Resistance of Terminals 
only Single Bonding per 
Mile Single Track. 


Conditions of Bonding. 


Zin. copper bond (4/0) terminals, web 
of rail j in. thick, hole in rail 

Zin. in diameter, contact area 1:87 
Ба 115. . 5 А : 3 5 

Тап. copper bond (4/0) terminals, same 
as above . Г Е 5 


Copper bond, 14п. hole, web of 
rail 1 in, thick, contact area 1°37 
Sq. ins. 


average 
2:06 


| 1:97 | 
Г 2-15 | 
) 

9:50 


( 11, | average 
5 
тт} 81 


| 178°5 | average 
1189:5 | 1815 


\ a 1 average | 
io 7) 


— 
о 
D 
e 

T 


( Clean bond, clean 
hole, drilled with- 
| out oil, well bonded. 


Bond well bonded. 
hole drilled with oil. 


Hole clean, 
bonded. 


well 


TABLE LXXX. 


Table LXXX., from “The Engineering and Electric Traction Pocket-book ” 
(Dawson, 1908), gives further data of bond resistances from tests :— 


Comparison of Resistances of various Rail Bonds, not including in any case the 
Resistance of the Rail. 


cM kind of Bond. ee с. 
1 One 4/0 plastic copper bond 1,95 0:0234 0:0000122 
2 Two m ” 1,915 0:0127 0:00000668 
3 One 6/0 ., 3 1,910 0:0114 0:00000598 
4 Two T k қ : Е 1,880 0:00678 0:0000036 
5 One 2/0 copper bond with steel driving pin 1,610 0:75 0:00046 
6 "wo » гд d > 1,805 0:278 0:000154 
4f One 4/0 flexible copper bond 1,830 0:119 0:000065 


1900. 


railways. 


" Vol. XXVII., p. 440. 


i 
% 
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The tests from which the above results were obtained were carried out by the 
Ecole d’Electricité, under the auspices of the French Government, at Paris in July, 


Table LXXXI. gives particulars of rail bonds employed on a number of typical 


1 “ Earth Returns for Electric Tramways,” Н. Е. Parshall, Journal Institute Electrical Engineers, 
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TABLE LXXXI. 


Particulars of Rail Bonds on various Railways. 


Total Cross-section 


| of Bonds. 
Railway. к Build of Bond. Name pna пиеси, 
Square Circular 
Inches. Mils. 
Baker Street and Waterloo 4 Flexible plaited | American Steel апа! — - 
wire Wire Co. i 
Boston Elevated . Е г 1 i уж 5 lated) | = | 236 800,000 
( | {4 (third rail) | | Flexible райе : СЕЙ | 7162 | 790,000 
Central London > |14 (сі rail) ке | Chicago Crown | 31 395.000 
City and South London . 2 Flexible wire — 165 210,000 
Jackson and Battle Creek 2 .| Foot bonds — :286 | 800,000 
Lackawannaand Wyoming 2 Foot bonds = "814 400,000 
Valley Railway 
Lancashire and Yorkshire 4 Semi-flexible Forest City Elec-| — — 
copper ribbon trical Co. 
Manx Electric Railway . -- Rigid and Columbia, Chicago) — -- 
flexible bonds Crown 
Mersey Railway : 3 -- Flexible copper | Forest City Elec-| -314 400,000 
strip trical Co. 
Metropolitan and District 4 Flexible copper | Forest City Elee-| — -- 
strip trical Co. +. 
Neuchatel 5 : Е 1 Flexible copper | Chicago Crown 155 197,500 
wire 
New York, New Haven, 2 Flexible copper — 1415 1,800,000 
and Hartford Railway strip and cable % 
New Aor аралы (4 (third rail) |) Те Mayer and Englund | :948 | 1,200,000 
Y ° 1\9 (track rail) |) Co. :814 | 400,000 
North-Eastern . 5 : 2 Flexible copper | Crown Bond, British | +166 212,000 
wire Thompson-Houston 
Paris Metropolitan . c 4 Flexible copper | Chicago Crown 316 402,500 
wire 
е Third rail 98 1,180,000 
Paris-Versailles | Track rail = 5 | -9895 | 996,000 
е / : | Third rail |) Clarke Bond, by {| ‘59 750,000 
ео E | Track rail | § та Chase Shaya (| 898 500,000 


Resistance of Rails to Alternating Currents. 


In traction by alternating currents, either multi-phase or single-phase, use is 
made of the rails as part of the conducting circuit in order to lessen the amount 
of overhead constructional work. Owing, however, to the greatly increased 
resistance of iron to alternating currents, the use of the rails as a conductor is- 
limited to short lengths, the rails being supplemented by a copper conductor, to which 
they are connected at short intervals. The virtual resistance of iron or steel con- 
ductors to alternating currents is a somewhat complicated phenomenon ; it varies with 
the periodicity of the currents, the area and form of conductor, and the permeability. 
The latter, again, depends upon the current in the rail; therefore any statements of 
the virtual resistance of iron or steel to alternating currents is not completely 
defined unless all the conditions listed above are specified. 

The resistance referred to here is a true ohmic resistance, which is increased owing 
to the tendency of the currents to'keep to the outer layers of the conductor and avoid 
magnetisation of the material, thus limiting the effective area of the material for 
conducting purposes. Combined with the resistance effect is the inductance within 
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the rail, which tends to diminish as the resistance increases. The total drop on a rail 
is that due to the resistance and inductance, the resultant of which is the impedance. 

The variation in permeability constitutes a difficulty in the predetermination of 
the impedance and its components; the permeability depends on the magnetization, 


' which, again, depends upon the current in the rail. The permeability is apparently 


уегу low for small currents—say, less than 20 amperes per square inch—but increases 


| rapidly when the currents are increased. At stil higher current values, the 


permeability decreases. 

- Owing to the complexity of the phenomenon, impedance values can only be 
obtained by experiments. Experiments were carried out by one of the Authors upon 
the conductor rails of the Central London Railway. These rails were specially rolled 
for high conductivity, viz., 7 times that of copper, and are of channel section, weighing 
80 №3. to the yard. 

The cireuit consisted of two rails, of the quality and form stated above, placed 


| 14 ft. apart, the length of each rail being 1,695 yds. Alternating currents having 


a periodicity of 25 cycles per second, were passed through the rails, and the following 
results obtaimed :— 


Curent ia Ditosenos o үш Impedance, 
164 179 1:09 
180 200 iet 
195 232 1:19 


| 
The resistance of Ше circuit for continuous currents is 0:0694 ohms, and Ше 
impedance of the rails, due to the resistance and inductance within the rails, deduced 
from the above readings and taking average values, is 0°78, or a drop of 11 times that 
for continuous currents; the resistance component is 0°5, which is 7:2 times the 
resistance to continuous currents. 
Inasmuch as so much depends upon the form of the rail and its magnetic and 


- electrical properties, the behaviour of track rails cannot be deduced from these 


readings. A very exhaustive investigation into the electrical and magnetic properties 
of track has been carried out by Prof. Wilson, of King’s College (see Electrician, of 
23rd February, 1906), and determinations were made of the inductance and 
resistance of bull headed rails of standard section and weighing 70 lbs. to the yard, 
also the inductance of a circuit formed of one rail and two rails with an overhead 
conductor placed at different heights. The rails experimented on had a specific 
resistance of 8:45 x 10-6 per cubic inch, the resistance being 18 times that of copper, 
and presumably the permeability was of low value. Inasmuch as the conductivity, 
permeability and form of section is different, the results differ from the results obtained 
by us as quoted above. 

Measurements of inductance values were made with currents of 50, 100, 150 and 
200 amperes passing through the rail, and at periodicities of 100, 50 and 27 cycles per 
second. The results show how the inductance and resistance varies with current and 
periodicity, also the effect of the mutual action of the currents and the overhead 
conductor. The information obtained is such as to enable values to be obtained for 
different heights and different periodicities. With regard to rails of different sizes, 
Prof. Wilson suggests that a very close criterion of the properties of different sizes of 
the same form and of different forms is obtained from the periphery; this principle 
has been adopted by us in determining the properties of the different rails. 

The following tables have been deduced from Prof. Wilson’s experiments and 
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apply to standard sections of bull headed rails; for periodicities of 15, 20 and 25 cycles 
per second, the values given are assumed to be constant for different currents. This does 
not hold for large variations, but if we limit the current to 20 amperes per square inch, 
which is a serviceable limit, the variation below this, at the periodicities given, is within 
the limits of the variation of magnetie properties of rail material and within the limits 
of errors in observation. The values given hold for rails of the same specific resistance 
as that experimented on, and inasmuch as the rail was obtained from one of the 
principal railway companies, it is reasonable to assume that it is fairly representative 
as regards its mechanical, magnetic and electrical properties, of the railway rails in 
general use in this country. 

The impedance values given with the Tables take account of the inductance 
within the rail only and represent values which would be obtained were the return 
current carried in a closely fitting tube outside the rail; when stated in this form the 
values can be applied to caleulate the impedance of the circuit with the overhead 
conductor at different heights. 

Table LXXXII. gives resistances, reactances, and impedance per mile of single 
rail for rails of different weights for currents at 25 cycles. 


Tastre LXXXII. 


Resistance, Reactance and Impedance per mile of Bull Head Rails. Standard Section, 
25 cycles per second. 


15 я M Resistance 
MN ma Inductance. Reaetance, Resin Impedance, to па ROO. кор 
ч (ohms). 
60 "00164 "254 170 "808 .0925 9:88 
70 :00156 7245 "169 295 ‘0792 8:74 
80 ‘00149 "9288 155 "280 069 4-05 
90 "001492 1208 ‘| 148 "267 ‘0618 4:82 
100 :00186 214 142 "257 "0556 4:62 
110 :00181 :206 186 9247 0505 4:89 


Table LXXXIII. gives the same constants for currents of 20 cycles. 


Тавһв LXXXIII. 


4 


Resistance, Reactance and Impedance per mile of Bull Head Rails. Standard Section, 
20 cycles per second. 


eight о : Virtual Resistance В 
i Рети Inductance. Reactance. MER Impedance, Gun a Ratio тор 
60 `00171 0:215 0:147 0:261 0925 2:82 
70 00163 0:205 0:14 0:249 "0792 3:14 
80 "00155 0:197 0:184 0:24 069 847 
90 00149 0:187 0:128 0:287 ‘0618 8:67 
100 00142 0:179 0:122 0:217 0556 8:90 
110 "00197 0:172 0117 0:208 "0505 412 
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КИВИ Л ЕЕЕ TING SYSTEM 
Table LXXXIV. gives the constants for currents of 15 cycles. 


TABLE LXXXIV. 


Resistance, Reactance and Impedance per mile of Bull Headed Steel Rails. Standard 
Section, 15 cycles per second. 


i i Virtual esisti | y. e 
EAM Induetance. | Reactance. Ме | Impedance, ор ү 
| 
60 | "00182 0:171 0:129 :214 | :0925 | 2:81 
70 :00178 0:168 0:128 204 "0792 | 2°57 
80 :00165 0:156 0:117 195 069 2:88 
90 :00158 0:149 0:112 | 186 ‘0618 | 8:0 
100 ` "00151 0:143 0:107 | 179 :0556 3°22 
110 00145 0:187 0:108 -172 ۰0505 8:4 


Impedance of Overhead Circuit with Вай Return. 


The inductance of a circuit consisting of a copper conductor placed overhead with 
a return conductor on the ground, is a considerable factor and one which must be taken 
into-account where alternating currents are used. Having already submitted Tables 
of inductance for a single rail of a standard form of section of different sizes, we have 
now to calculate the inductance of a pair of rails placed 4 ft. 84 ins. apart with an 
overhead conductor placed at a particular height. The impedance of the circuit so 
formed comprises the resistance and reactance of the overhead conductor, the 
resistance of the rails, the inductance within the rails, the inductance of the circuit 
bounded by the rails and overhead conductor and the mutual induction of the currents 
in the two rails. Owing to the impedance of the rail circuit, the track rails are not 
used to a great extent except in conjunction with boosters and copper conductors. Аз 
however, part of the circuit in such cases consists of the overhead conductor with track 
rails for a return, we submit a table of resistances, reactances, and impedances for a 
system consisting of a standard track with 60 lbs., 80 lbs., and 100 lbs. rail, also 
resistance and impedance of overhead conductor of No. 4/0 s.w.g., the values of 
reactances and impedances being given for 15, 20 and 25 cycles per second. 


Tasim LXXXV. 
Impedance of Rail portion of Circuit. 


ight ard—lbs. A 
Resistance per mile 100, E б, 
Г | 
Cycles per second .. 25 205 16 25 20 15 25 20 15 
Radians per second.. 157 125 94-2 157 125 94:2 157 125 94:2 
Reactance ... 250 “26 “207 16 :27 :216 :168 :28 7227 LUN 
Resistance .. coo | Ot “061 053 "077 "067 "058 ‘08 “074 | 065 
Impedance .. ee "265 "216 Т +28 227 178 "295 (299 7188 
Ratio alternate to | 
continuous current | 
drop 452 к, 9:5 Иде 61 81 6:58 5°17 6:34 БЛ | 4:06 
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Table LXXXV. gives the reactance, resistance and impedance per mile for the 
track portion of the circuit consisting of two rails with overhead conductor 20 ft. 
above rails for three weights of rails and for three different periodicities, 

This Table gives the ratio of the drop between two points in the track one mile 
apart for alternating currents in terms of the drop for continuous current under the 
conditions given. 4 

Under normal conditions, and for 25 cycles, which is a common frequency, the 
drop on the rails with alternating currents may be said to be roughly ten times the 
drop with continuous current. In consequence, the use of the rails for this purpose 
is very limited, and in practice the rails are supplemented by copper conductors, to 
which the rails are connected at frequent intervals. The rails and copper conductors 
form a return circuit in contact with earth, and therefore subject to the Board of 
Trade regulations affecting earthed conductors already quoted. In order to keep the 
drop within the limits prescribed, and in order to limit the amount of copper used, it 
is necessary to provide arrangements for limiting the drop in the rails. This object 
may be obtained by means of track boosters. One arrangement is that used by the 
Oerliken Company, in which the track current is transferred by boosters to a common 
return conductor. Another arrangement is that described by Carter, in his paper 


Trolley Wire 
Е > 


Track booster 


Rails‏ — س 


< Insulated joint 


Equalizing Wire | 


Fig. 201. ARRANGEMENT OF TRACK BOOSTERS FOR ALTERNATING CURRENTS. 


read before the Institution of Electrical Engineers, 25th January, 1906, in which the 
track boosters are inserted at intervals along the track, the function being to induce 
an electro-motive force opposing the track drop. These boosters are transformers of 
ratio unity, of which the primary is connected across a section insulated in the trolley 
wire, and the secondary across an insulated joint in the track, shown diagrammatically 
in Fig. 251. The transformers are secured on poles or gantry posts, and are provided ' 
with switches for cutting out the transformer when desired. 

We next deal with the resistance, reactance, and impedance due to currents 
in the overhead conductor, assuming that practically all the current 18 carried by the 
copper conductor. 

Table LXXXVI. gives the values for a mile of circuit for three different 
periodicities. 

Taste LXXXVI. 


Impedance of Overhead Conductor. 


| 
Cycles рег Radians per | Ratio Alternate to 


| 
агора, | Second: Reactance. Resistance, Impedance. со ды 
| 
25 | 157 0:87 0:842 0:504 1:47 
20 | 125 0:295 0:342 0:452 1:32 
ip my 94-2 0:223 0:342 0:408 119 
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Table LXXXVII. gives the total impedance per mile of circuit for three 
periodicities and three weights of rail. 


Tagung LXXXVII. 
Total Impedance per Mile of Circuit. 


Wt. of Rail. | 25 cycles. | 20 cycles. 15 cycles. 


] 


lbs. per yd. | Reactance. | Resistance. | Impedance. | Reactance. | Resistance. | Impedance. | Reactance. | Resistance. | Impedance. 


100 0:65 0:422 0-77 


5 0:592 0:417 | 0:668 0:40 0:407 0:571 
80 0-64 0:419 | 0:765 0:511 041 | 0:655 0:39 0:400 | 0:558 
60 0-68 0:418 | 0:758 0:502 0:404 | 0:644 0:88 0:895 | 0:548 


It will be seen on referring to the above Table, that the difference in the impedance 
values for the different conditions, are much reduced. This is owing to the effect of 
the resistance of the overhead conductor. The effect of the impedance of the rail and 
overhead conductor upon the power factor, depends upon the voltage of transmission, 
and also upon the power factor of the train circuit. 

With 500 kilowatts transmitted, and with 5,000 volts in the line, the drop in 
voltage is 18 per cent. If the voltage be 3,000 volts, and the same power transmitted, 
the drop is 30 per cent. over the mile length. These results enable the distance 
between feeding points to be determined when the voltage on the circuit is selected. 


Leakage from Track Rails. 


Where track rails are used as-conductors and form part of the return circuit, 
regard must be had to the amount of current which passes from the rails to the earth. 
These currents, if not kept within limits, may injuriously affect electric cables, water 
pipes, gas pipes, and telephone lines. The injury is caused mainly by electrolytic 
action, and of the metals employed for the purposes mentioned, lead is the most 
' susceptible to injury, its electro-chemical equivalent being much higher than copper 
or iron. The Board of Trade have issued regulations affecting the working of electric 
tramways and tube railways, but no regulations are in force affecting the working of 
main line railways, and such regulations as are in force do not apply to alternating 
eurrents. There is no doubt, however, but that the limits as to the permissible 
amount of stray currents, must be observed by railways in their own interest. Owing, 
however, to the difference between the construction of railways and tramways, the 
leakage surface is less, and it will be possible to transmit greater distances for the 
same amount of leakage. If we assume a certain length of track, and that a current 
is put in at one end and taken out at the other, it will be found that the current 
actually in the rail will diminish towards the middle of the portion of line under 
consideration. Тһе current will leave the rail over Ше half section remote from the 
source, and will return to the rail over the half section nearest the source. The 
distribution of current density and potential along the rail under tramway conditions, 
was thoroughly investigated by Mr. Evan Parry." The potential and current at any 


1 “ Fall of Potential along Tramway Rails,” E. Parry, Electrician, August 10th, 1900. 
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point of the rails is expressed as an exponential function of the distance from the source 
and the point chosen, and of the ratio of the eross sectional resistance of the rail to 
the eontaet resistance. Inasmuch as the resistance of rails to alternating current is 
greater than their resistance to continuous currents, the values of the current and 
potential along the line differ greatly. The specific values for steel of different 
compositions have already been tabulated, and also the resistance to alternating 
currents of three different periodicities. The first function referred to, or the contact 
resistance between the rail and earth is not so definitely ascertainable; the leakage 
surface consists in the main of the chair supporting the rail. The current being 
dissipated to earth by means of the wooden sleeper, the amount of leakage will 
depend, to some extent, upon the state of the weather. From measurements made on 
a length of track, we conclude that the surface resistance may be taken at 1,500,000 
ohms per sq. in. under average conditions. Table LXXXVIII. shows the current 
entering the rail and the corresponding current density for different lengths of traek with 


Taste LXXXVIII. 


Table of Current Values in Track Rails for 10 Volts Difference of Potential between 


ends of Rail for 1000. Бай. 


C.C. 25 cycles, 20 cycles. 15 cycles, 
Dis- | 
tance + T ae ] 
` Density Density Density S Density " 
in Per- Е m" Per- > Рег- E Tj Per- 
Miles per Total СЕЕ рег. Total centage рег Total tenis per Total centage 
z square |Current. мас square | Current. eu square | Current. же 5 е | Current, 
Баса ща Leakage. ich irre Leakage.| end rr m SE urrent. | Leakage. 
1 21:4 207 0:5 174 16:85 1 2:62 24:9 1:8 4:29 405 0:8 
2 10:7 104 0:8 0:897 8:7 4-8 1:33 12-7 8-8 2:14 214 2:0 
3 7:9 70 1:2 0:62 6:0 10:5 0:91 8:78 TO 144 15:8 42 
4 5:42 52-5 15 0-49 475 DS 0:7 6:72 11:5 111 10°6 7:8 
5 433 41-8 2:0 0:415 402 | 22-8 0:58 5:56 то 0:914 8:76 | 11:7 
6 3-66 35:4 2-5 0:871 36 819 0-517 4:97 | 24-5 0:79 7:58 | 170 
Т 8:12 30 8:8 0:84 3:3 41:2 0:47 45 33:0 0:7 672 | 23:0 
8 2:72 263 55 0:322 3:12 | 48:0 0:43 4:12 | 41:0 0:64 6:14 | 28:8 
9 2:46 28:9 8:0 0:307 2:97 | 544 041 3°93 | 47:0 0:59 5:66 | 32°8 
10 2:8 22:2 10:0 0:3 2:89 | 61:0 0:39 3T 50:0 0:56 5-37 | 828 8 


10 volts difference of potential between the two ends. The values are given for a 100 Ib. 
rail and for continuous currents as well as for alternating currents of 15, 20 and 


25 cycles. For continuous currents, the values of current density will apply to all sizes | 


of rails, but they differ for alternating currents owing to the variation of virtual resistance 
with the area of rail. The Table also shows the percentage of leakage from the rail. It 


should be noted that the percentage of leakage is much greater in the case of | 


alternating currents. The limitations in the transmission of alternating currents are 
clearly brought out in the Table; referring, for instance, to the case of transmission 
over four miles, the amount of continuous current which may be transmitted with a 
potential difference of 10 volts is 52°5 amperes per rail, and leakage 0:8 of an ampere, 
or 15 per cent. of the total current transmitted; whilst for alternating currents of 
25 cycles frequency, the current transmitted for the same potential difference is six 
amperes per rail, and the leakage practically the same as in the case of continuous 
current, and equivalent to 17-8 per cent. of the total current. 
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| Taste LXXXIX. 
Table of Pressure Differences on Track Rails with 100 Amperes in Вай--100 lb. Rail. 


с.с. 25 cycles, | 20 cycles, 15 cycles. 
Distance in Miles. Й | | 
4 D,P. in Leakage, О.Р. in Leakage, D.P. in Leakage, | Р.Р, т Leakage, 
Volts, Amperes. Volts. Am peres. Volts. Amperes. | Volts. Amperes. 
| 
i |. 488 “5 59 1 40 1:8 25 8 
2 9°62 "8 115 458 79 8:8 47 2:0 
8 14-2 1:2 166 10:5 115 1:0 72 42 
4 19 1:5 210 17:3 149 11:5 94 7.8 
5 | 28:8 2:0 249 22:8 180 17:5 114 ilem 
6 28:2 2:5 278 81:9 200 24:5 I4 ITO 
Д 88:8 8:8 303 41:2 222 38:0 149 23:0 
8 | 38 5:5 820 48 248 41:0 166 28:8 
9 | 42 8:0 887 54:4 254 47-0 177 82-8 
10 | 45 10:0 846 61 267 50:0 186 85:8 
| | 


Table LXXXIX. gives Ше potential difference for varying distances of transmission 
in a track with 100 lbs. rail carrying 100 amperes per rail. Таке the case of afour-mile 
' transmission; continuous current could be transmitted with a potential difference of 
19 volts and a leakage of 1:5 amperes, whereas to transmit alternating currents of 25 
eycles periodicity the same distance requires a potential difference of 210 volts, and the 
leakage would be 17 amperes. 

In the case of tube railways care should be taken to provide against contact between 
rails forming part of a return system and the lining of the tunnel, except only at or 
near the source of supply to the distributing circuit. The tube lining has an enormous 
dissipating surface compared with its cross sectional area, in consequence of which the 
leakage of current is promoted to an abnormal extent, even although the sections of 
the tunnel lining are well bonded. 


Part III 
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LOCOMOTIVES AND MOTOR CARRIAGES AND THEIR ELECTRICAL 
EQUIPMENT 


JN of the most important questions arising in connection with the electrification 
of railways relates to whether electric locomotives, or motor cars, shall be 
employed. Electric locomotives will, of course, invariably be used for freight 

| haulage, so far as this work comes to be done electrically, but for passenger trains, 
electric locomotives do not possess an exclusive claim for consideration for all 
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Fig. 252. ELECTRIC Locomotive кон New YORK CENTRAL RAILROAD. Ү/ктент, 85 METRIC Tons. 
4 
Qva | : 

classes of traffic. The alternative consists in trains made up partly or entirely of 
motor cars, operated on the multiple unit control principle. 

For long distance passenger trains, there are sound advantages in the use of trains 
hauled by electric locomotives as compared with motor car trains, though for urban 
and suburban traffic these advantages will frequently be exceeded by the advantages of 
motor car trains. In the transition stage from steam to electric operation, it will 
involve less disarrangement of the traffic conditions to employ electric locomotives to 
a certain extent. As an instance may be mentioned the case of the New York Central 
and Hudson River Railroad Co., which has now embarked upon the most extensive 
scheme of heavy electric traction which has yet been undertaken. The tracks of this 
railway enter New York through an extensive system of tunnels, and it has long been 
recognised that it would be of great advantage on the score not only of cleanliness and 
hygiene, but of safety, to replace steam by electricity. This has led the New York 
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Central Railway to undertake the replacement of its steam suburban service by ап. 


electric service, and the multiple unit system, with the motors under the carriages, 


has been adopted for all suburban trains. The railway is now electrically equipping 1 
its New York terminal for a distance of 34 miles on Ше main line from the Grand | 


Central Station to Croton, and for 24 miles on the Harlem division, as far as White 
Plains. All passenger traffic within this district or zone will be handled electrically, and 
the electric locomotive recently designed and built by the General Electric Co. and 
the American Locomotive Co. is the first of thirty-five for which orders have 
already been placed, and which will be used in the hauling of through passenger 
trains. According to the specified conditions, the service demanded of this type of 
locomotive is as follows. It is capable of regularly making the trip from the 


6000 


Fig. 258. ELECTRIC Locomotive ков New York Сихтваг RAILROAD. WEIGHT, 85 Метвтс Tons. 


Grand Central Station to Croton, a distance of 84 miles, hauling a total train 


weight of 400 metric tons, in 44 minutes without a stop. ‘This corresponds | 


to a speed of 46 miles per hour. The heaviest of these trains weighs 800 metrie 
tons, and is drawn by two of these locomotives. The locomotive is able to haul 
a 400-ton train at a maximum speed of 70 miles per hour. Two locomotives, 
equipped with the multiple unit control system, are used to haul an 800-ton train 
at a maximum speed of 70 miles per hour. 


General Arrangement and Dimensions of the New York Central Locomotives. 


The designers have sought to secure in this locomotive the best mechanical 
features of the high speed steam locomotive, combined with the greatly increased 
power and the simplicity i in control made possible by the use of electricity. 

The locomotive is illustrated in Figs. 252 and 258. It has four driving axles, on 
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each of which is mounted the armature of a gearless electric motor having a normal 
rating of 550 h.-p. The total rated capacity of the locomotive is 2,200 h.-p. when 
estimated in accordance with the customary 1-hour basis of nominal rating of 
railway motors. For short periods, however, a considerably greater power may be 
developed, giving the locomotive greater capacity than the largest steam locomotive in 
existence. 

The principal dimensions of the locomotive, and other data regarding it, are given 
in Table ХО. 


^ 


TABLE XC. 
Leading Data of New York Central Electric. Locomotive. 


Number of driving wheels  . : Е : с : : : TAS 

Number of truck wheels : : : я č : Е c om Me 

Weight . : - 5 : : : : Е - - : . 85 metrie tons 
Weight on drivers . : : : : : 2 : - 2 . 68 metric tons 
Wheel base, driving  . A : s i Е . > : 2 481. 

x. » ОАТ Ж Я В А 2 : i я 5 с Яны 
Maximum tractive force я в A : : : s . 84,000 lbs. 
Ditto per metric ton engine UO а : : 2 - А . 40015. 
Wheels, driving . : 5 : о : с c 5 с . 44 ins. dia. 

ie engine truck . + E | я 5 ^ я E . 96 ins. dia. 
Length over buffer platforms Я Е : : 5 : ; . 387 ft. 
Extreme width . ; Я : ; . : : ‘ : с Ontos 
Height to top of cab . 1 Е 5 5 5 я ° ; . 14 ft. 10 ins. 

! Diameter of driving axles . 5 . С d { Я 5 . 8:5 inches. 
Normal rated power  . al s : urn ; қ . 2,200 h.-p. 
Maximum power . с : : 5 с : Е Е с . 8,000 h.-p. 
Speed with 450-ton train  . 5 с : 5 с с : . 60 m.p.h. 
Voltage of current supply  . а : . . ò с 5 . 600 
Normal full load current - : 5 : 5 З s Е . 8,050 amps. 
Maximum full load current . 5 : : с з с 5 . 4,900 amps. 
Number of motors . 5 2 : 5 - : с : М 4 
Туре of motor. ; 5 j . : : : : Е .  GE-84-A. 
Rating of each motor . ; 550 h.-p. 
Weight of motor—excluding Wu уу hick are built TTE the ие 

frame —but including axle . : : : 4 : 5 2 . 11,200 lbs. 

Ditto, excluding axle . 5 : : С : с Е 2 . 9,480 lbs. 


The weight of the electrical equipment per locomotive is made up as set forth in 
Table ХСТ. 
Taste XCI. 
Weight of Electrical Equipment of New York Central Locomotive. 


Total weight of four motors (excluding axles and also excluding yokes 
which are part of the locomotive frame, but including armature, 


field coils, and laminated poles) 37,700 lbs. 


Weight of twenty rheostats . : Е А : : 4 x Е 4,600 ,, 
Weight of two master controllers А / А $ А к A 600 ,, 

Weight of control i a including rheostats and master 
controllers 10,200 ,, 
4,300 ., 


Weight of air ТЕТІ, 
Cables, cleats, etc. 


; 8,000 ,, 
Total weight of electrical m 


55,200 lbs., or 25 

metrie tons. 
1 This descriptive matter is partly compiled from bulletins published by the General Electric Co. 
_ of America, the contractors for equipping the road. 
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The weight of the magnetic yoke which was furnished as part of the locomotive, 
and is not included in the above figures, as it also forms part of the mechanical frame 
of the locomotive, is 11,900 lbs., or 5:4 metric tons. 

It would seem reasonable to add half of this to the weight of the electrical equip- 
ment, which is thus brought up to 277 metric tons, or 32°6 per cent. of the total 
weight of the locomotive. ЗА Е 

The largest of Ше present New York Central types of steam locomotives, i.e., 
the “999” type, have a capacity of only 1,500 h.-p. per locomotive. 


The Electric Motors for the New York Central Locomotives. 


The motors mark an interesting and radical departure from ordinary motor 
construction. The designers have arranged the armatures directly upon the axles, 
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Fig. 254. ASSEMBLY or Truck оғ New YORK CENTRAL LOCOMOTIVE. 


partly with a view to securing the advantage of direct application of power to the 
driving axles and to avoiding the losses of power in gear and pinion which are 
encountered in geared railway motors. 

There are only two pole pieces, which are practically part of the truck frame, and 
have nearly flat vertical faces. There is no necessity, therefore, of preserving a rigid 
alignment between armature and field, and the armature can have a large free vertical 
movement without danger of striking the pole pieces. The maximum weight of the 
motor, consisting of its field and frame, is carried with the truck frame upon the 
journal box springs on the outside of the driving wheels. 

This construction, besides being strong and simple in design, greatly facilitates 
repairs and renewals, as an armature, together with its wheels and axles, may be 
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removed by lowering the complete element without disturbing the fields or any other 
part of the locomotive, and a new element may be inserted in its place. All parts are 
especially accessible for inspection and cleaning. 

The dead weight on each driving axle is practically the same as on an ordinary 
steam locomotive, and is about 10 per cent. less than that on the heaviest types, while, 
in addition, there is no unbalanced weight to produce vibration, with attendant injuries 
to track and road bed construction. It is anticipated that this will effect such a reduc- 
tion in the expense of maintaining the rails and road bed, due to the absence of pounding 
and rolling, as to have an important bearing on the upkeep of the permanent way. 

A longitudinal section of the locomotive frame may be seen in Fig. 252. The main 
frame is of cast steel, and forms not only the mechanical frame of the locomotive, but 
also part of the magnetic circuit of the motors. It will be seen that the magnet 
fields are arranged in tandem, the end pole pieces being cast as part of the end frames, 
and the double pole pieces between the armatures being carried by heavy steel transoms 
bolted to the side frame, and forming part of the magnetic circuit as well as constituting 


Fig. 255. MOTOR ARMATURE OF New YORK CENTRAL LOCOMOTIVE. 
/ 


cross braces for the truck. The field coils are wound upon metal spools which are 
bolted upon the pole pieces. A suitable distribution and division of the weight of the 
locomotive among the axles has been accomplished by suspending the main frame 
and superstructure from a system of half-elliptic springs and equalised levers of forged 
steel, the whole being so arranged as to cross-equalise the load and to furnish three 
points of support. A photograph of the truck is shown in Fig. 254, while Fig. 255 
shows a motor armature. 


/ Control System of the New York Central Electric Locomotive. 


The method of control is the multiple unit system. The engineer handles a 
small controller, which operates the control circuit. The current in this control 
cireuit operates in turn the main contactors, admitting current to the power circuit, 
The master controller is located in the motorman’s cab, while the contactors are 
located in the spaces at the forward and rear ends of the locomotive. 

By use of this system, two or more locomotives can be coupled and operated from 
the leading cab as a single unit. The motive power may thus be adapted to the 
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weight of the train. A single locomotive will be able to maintain the schedule with 
a 400-ton train, and two locomotives coupled together will be used to operate heavier 
trains, with a single engine crew operating both locomotives simultaneously. 

The control system permits three running connections; namely, four motors in 
series, two groups of two in series-parallel, all four motors in parallel. The motor- 
reverser, contactors, rheostats, and other controlling appliances are all of the Sprague 
General Electric multiple unit type. The master controller is fitted with a special 
operating lever about 24 ins. long, and capable of being moved through an angle of 
about 75 degrees. A current-limiting device is provided in the master controller, and 
consists of a friction clutch operated by an electric magnet which is energised by the 
current passing through one of the motors, the arrangement being such that when 
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Fig. 256. SECTIONAL View or AIR Compressor ror NEW York 
CENTRAL LOCOMOTIVE, 


the current exceeds a predetermined amount the cylinder cannot be rotated further 
until the current has fallen sufficiently to allow the relay to drop. As long as the 
current does not exceed the desired limit the automatic feature is not in operation. 


Auxiliary Apparatus for the New York Central Locomotive. 


The superstructure consists of a central cab for the operator, containing master 
controllers, engineer’s valves for air brake, and switches and valves required for 


operating the sanding, whistling, and bell-ringing devices. This apparatus is furnished | 
in duplicate, one set on each side of the cab, and is arranged so as to be easily | 


manipulated from the operator’s seat, while at the same time a practically unobstructed 
view to front and rear may be obtained from the windows. The air gauge, meters, 
etc., are located so as to be easily read by the driver. 
There is a central corridor extending through the cab so as to permit access from 
296 


Sen 


channel irons attached to Ше journal box. А 


LOCOMOTIVES AND MOTOR CARRIAGES 


the locomotive to the cars behind, and the contactors, rheostats, and reversers are 
arranged along the sides of these corridors in boxes of sheet steel, which are sheathed 
on the inside with fireproof insulating material. АП of these appliances are, therefore, 
easily accessible for repairs or inspection. 

In the operator’s cab there is placed a motor-driven direct-connected air compressor, 
running at 175 revolutions per minute, and having a capacity of 75 cubic ft. of free 


Fig. 257. THIRD RAIL SHOE or New YORK CENTRAL LOCOMOTIVE, 


air per minute. The compressor is controlled by a governor which automatically 
cuts the motors in and out of circuit when the air pressure falls below 125 lbs. or 
exceeds 185 lbs. 

A sectional view of the compressor is shown in Fig. 256. To economise space 
and simplify the bearings, the compressor is provided with two motors, which are 
connected in series with each other. The 
compressed air is employed both for braking 
the train and blowing the whistle. 


Contact Collecting Devices for the New York 
Central Locomotive. 


Current is collected from the third rail 
by multiple-contact spring-actuated third-rail 
shoes, the supports of which are carried on 


photograph of the third-rail shoe is given in 
Fig. 257. There are four of these shoes on 
each side of the locomotive. In the yards at 
the terminal, the large number of switches 
and crossings necessitates an overhead con- 
struction in places, and additional contact 
shoes, one of which is shown in Fig. 258, 
are, therefore, mounted on the top of the Fig. 258. OVERHEAD CONTACT DEVICE OF 
locomotive for collecting current when the New York CENTRAL LOCOMOTIVE. 
locomotive is passing over these points. This 
device may be raised and lowered by air pressure controlled from the engineer’s cab. 
A magnetic ribbon fuse is placed in circuit with each shoe and overhead contact 
device, so аз to secure protection in case of accidental short circuit. 
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New York Central Locomotive Tests. 


In Fig. 259 are given the tractive force and speed curves for one of these - 
locomotives when all four motors are connected in parallel, as published in 1904 Бун 


‚ the General Electric Co., and presumably based on factory tests of the motors. 
The New York Central and Hudson River Railroad Co. and the General Electric Co. 
are making extensive preliminary tests and trials of these locomotives under all 
conditions likely to obtain in service operation. For this purpose, the New York Central 


% 
o 
m 
P Ç 85 70п New York Central Locomotive 
3 
8 £ 4 СЕ-844 Motors in Multiple 
12 з / Turn Armature 600 Volts 
g 5 Diameter of Wheels 44" 
0 & Gear/ess 
9 60 Welght of Locomotive on Drivers (36000105 
Е с A 
[уе 
Es кишисин Ете шкі E 
оо "кшй СЇГЇ ГІ ELERENMEDSES 8 
Ж ЕЛ ЕЕ І аа ШШ S 
дот "20500 ооа ee ҮТ маса "S 
ДҮ NE Ж ЕЛҮ ЕГ ¥$ 
70 / 7500 па y 
500 
60 15000 9 
BE Te e 
50 12500 HHH HES T00 
™ 
Варва ара аа 225542 
40 10000 >L Leg 
HAHAA °° 8 
ЖЫ SALAR а ЛК И Е 
ИШ ФАШ ЕЕ Ег ШЕ ШЕ 200 $ 
КИ VüsssNABNHEFGESSCHHOS т 
Hee HE 5 
юзо ЕЕ ааз elo ale 
ишисававеванавесен с à 
BEL BES IE Е 7 о 
0 0 


0 500 1000 /500 2000 2500 5000 3500 4000 
Amperes рег Locomotive 


Fig. 259. CHARACTERISTIC Curves or New York CENTRAL LOCOMOTIVE. 


and Hudson River Railroad Co. has set aside a 6-mile stretch of track on its main line 


between Schenectady and Hoffman's Ferry, and has equipped it with standard third- | 


rail construction. Тһе track is well ballasted and practically straight, and permits of 
attaining a maximum speed of from 70 to 80 miles per hour. | 
Power for operating the locomotive is furnished by the General Electrie Co., of 
Schenectady, U.S.A., and for this purpose there has been installed in the new power- 
house at the Schenectady Works a 2,000-kilowatt three-phase 25-cycle Curtis 
turbine-generator delivering energy to the line at a pressure of 11,000 volts. 
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A special high tension 
transmission line has been 
constructed from the power 
station for a distance of 


5 miles to the sub-station 


at Wyatt’s Crossing. 

The sub-station contains 
а 1,500-kilowatt, 650-volt 
rotary converter with static 
transformers for reducing 
the pressure from 11,000 
volts to 475 volts alterna- 
ting current at the collector 
rings, and then to 600 volts 
continuous current for the 
locomotive. 

The location and ar- 
rangement of the apparatus 
in the sub-station and the 
dimensions of the station 
are in general the same as 
for the sub-stations within 
the electric zone at the New 


| York City terminus. The 


installation thus afforded 
praetieal experience with the 
system in detail in advance 
of construction, and while 
the locomotive tests were 
being made. 

A complete set of re- 
cording instruments has 
been installed in the cab 
for the purpose of making 
these tests. These instru- 
ments, when in operation, 
indicate automatically and 
continuously the speed and 
power developed by the 
locomotive. 


New York Central Locomotive 
‚ Tests of November, 1904. 


Two sets of curves are 
given in Figs. 260 and 261 
showing the current input, 
voltage, and speed at the 
locomotive when starting, 
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Curves оғ Current INPUT, VOLTAGE AND SPEED оғ NEW YORK 


Curves or Current INPUT, VOLTAGE AND SPEED or NEW YORK 


Fig. 261. 


Fig. 260. 


CENTRAL LOCOMOTIVE WITH Foun-CAR TRAIN. 


CENTRAL LOCOMOTIVE WITH Етант-Слв TRAIN. 
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and running with an eight-car train weighing 300 metric tons and a four-car train 
weighing 155 metric tons, both exclusive of locomotive. The total weight of the train, 
including locomotive and passengers, was 390 metric tons and 240 metric tons for the 
eight-car and four-car trains respectively. The maximum speed reached was 68 miles 
per hour with an eight-car train, and 72 miles per hour with a four-car train. 

It will be noted that the trains were still accelerating at these speeds, but the 
length of the track which had at that time been equipped did not permit of attaining 
higher speeds. 

The New York Central locomotives were not designed for abnormally high 
speeds at intervals, but rather with a view to obtaining a high average schedule, due 


Fig. 262. New York CENTRAL LOCOMOTIVE HAULING А S1X-CAR TRAIN DURING ONE OF THE ' 
Tests ОҒ NOVEMBER, 1904. 


to their ability to accelerate more rapidly than is possible with the present steam 
locomotive. 

In starting tests, with an eight-car train weighing with the locomotive 890 metrie 
tons, a speed of 30 miles per hour has been reached in 60 seconds, corresponding to an 
acceleration of half a mile per hour per second. During certain periods of the 


acceleration the increase in speed amounted to 0:6 mile per hour per second, requiring 


a tractive effort of approximately 27,000 lbs. developed at the rim of the locomotive 


drivers. This value was somewhat exceeded with the four-car train, where a momentary | 


input of 4,200 amperes developed a tractive effort of 31,000 Ibs. at the drivers, with a 


coefficient of traction of 2275 per cent. of the weight on drivers. Тһе average rate of - 


acceleration with the four-car train, weighing, including the locomotive, 240 metric 
tons, was 80 miles in 872 seconds, or 0:8 mile per hour per second, calling for an 
average tractive effort of 22,000 lbs. 
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The maximum input recorded, 4,200 amperes at 460 volts, or 1,935 kilowatts, 
gives a motor output of 2,200 h.-p. available at the wheel. With 4,200 amperes and 
а maintained potential of 600 volts there would have been an input to the locomotive 
of 2,520 kilowatts, corresponding to 2,870 h.-p. output from the motors. As this output 
is stated to be secured without exceeding the safe commutation limits of the motors, 
and with a tractive coefficient of 22:5 per cent. of the weight upon the drivers, Ше 
electric locomotive is placed well in advance of the steam locomotive. 

Throughout both the starting and running tests the electric locomotive has shown 
remarkable steadiness in running, a distinct contrast in this respect to the steam 
locomotive, especially should the latter be forced to perform the work accomplished by 
the electric locomotive. 

Fig. 262 is a photograph of the first locomotive when hauling a six-car train. 


New York Central Locomotive Tests of April, 1905. 


Further tests were made on April 29th, 1905, over the experimental track at 
Schenectady, N.Y., for the purpose of securing data on the relative acceleration and 
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Fig. 263.—PRoFILE OF ALIGNMENT AND GRADES OF NEW YORK 
CENTRAL EXPERIMENTAL TRACK. 


speed charaeteristies of electrie and steam locomotives. The tests were made with the 
New York Central type electric locomotive 6,000, already described, and on the Pacific 
type steam passenger locomotive 2,797. The data secured were intended for private 
information, but the results achieved were considered to be so remarkable that the 
parties concerned decided to make public a resumé of the runs. 


Time of Test and Weather Conditions. 


The test started about 8 a.m., and continued until about 1 p.m.,of April 29th, 1905, 
temperature averaging about 50 degrees F. During the time of the test no rain fell, 
во that the rails were perfectly dry. 
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Description of Experimental Track. 


The experimental track, 6 miles in length, was the portion of old track No. 4 
of the New York Central main line, formerly used for east-bound freight movements 
between mile-posts 162 and 168, west of Schenectady. 

The track materials were 80-lb. standard New York Central section steel rail, with 
six-bolt 36-11. splices, sixteen yellow pine ties to the 30-ft. rail, gravel ballast, well 
surfaced, curves elevated for 
a speed of about 70 miles per 
hour. 

The working conductor 

са СО Фе consisted of top-contact! 70-1). 
Ee. 1з: FO Дали steel rail reinforced with copper 
EN 3 ig ПЕН lg à | and covered in part with a 
| ШЕ а | board protection. At four 


142 cairn Г . 
Тоа Weight 209,500 1bs 5| crossings, overhead construc- 


tion was used to cover gaps 
where the use of the third rail 
was inadmissible. 

The alignment and grades 
are illustrated upon the con- 
пан densed profile of Еіс. 268. It 


1 НАТО 1 ! 
pius m rdg a ! Е са ши . 
| в е š Ё S cR 18 2 Ё + will be noted that from the 
| [юма ы-і = 141,000 Tbs -— р | 


easterly end of the track at 
mile-post 162, going westerly, 
Fig. 964. Diagram or GOVERNING Гимвуночв anp the rising gradients varied 
WEIGHTS OF New York CENTRAL Steam AND Execrric from 5 ft. to 17 ft. per mile to 
LOCOMOTIVES EMPLOYED IN TESTS MADE APRIL 297TH, 1905. а summit between mile- -posts 
166 and 167, and thence the 
track descended on gradients varying from 6 ft. to 19 ft. per mile to the end of the 
track at mile-post 168. It will also be noted that in the 6 miles there were seven 
curves, varying from 0 degrees 48 minutes to 2 degrees 17 minutes, the maximum 
length of tangent being 7,565 ft. 


ee ци Total,Locomotive сола 342,000 ыс сс 
Street Ву, Journal 


Source of Power, Transmission Line, and Sub-station. 
? 


These were Ше same ав for Ше tests of November, 1904. The sub-station was near 
mile-post 165. 


Dimensions and Weights of the Test Trains. 


The diagram of Fig. 264 illustrates the governing dimensions and weights of both 
locomotives. The weights of the cars are given in Table XCII. 


1 Experiments have also been made with an alternative type of under-contact rail which has a 
number of advantages over the ordinary top-contact third rail. 
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Тавин ХОП. 
Composition of Trains in New York Central Tests of April, 1905. 


Electric Train. | Steam Train. 
Car No. Vision loaded, | Car No. LS. 
Eight-car train— 
я : : 1,060 101,900 |1 2,527 79,900 
2 1,070 100,400 2 1,547 86,100 
8 j І 1,082 106,200 3 1,584 87,800 
4 % . 1,092 100,100 4 1,521 84,500 
a. 5 t > 1,097 104,650 5 1,069 86,300 
as ; б А 1,550 ‚ 102,800 6 1,099 87,400 
7 3 А с 1,552 106,000 7 1,563 86,400 
- meer ще 104,750 E a 1518 86,700 
Locomotive . : — 200,500 Locomotive  . 5 - 342,000 
Total . : — 465:5 tons. А Total . . — 465 tons. 
Six-car train— 
1,060 101,900 i 2,527 79,900 
2 1,070 100,400 2 1,547 86,100 
3 1,092 100,100 3 1,584 87,800 
Щи. : 2 4 1,097 104,650 4 1,591 84,500 
EE ое 102,800 5 1,069 86,300 
Б. А с | 1,558 104,750 ONE : Е : 1,099 87,400 
Locomotive . 5 -- 200,500 Locomotive . 5 — 842,000 
Total . : -- 870 tons. | Total . : -- 388 tons. 


In Table ХСШ., which gives the average voltage at the live rail during accelera- 
tion, it will be noted that, due to the restricted cross-section of conductors, the voltage 
during acceleration dropped considerably more than is the case in actual practice 
Within the electric zone in the neighbourhood of New York. Therefore the results 
obtained in this comparative test are much less favourable for the electric locomotive 
than are secured in actual practice. 


Tasty ХОШ. 
Average Voltage at Live Rail during Acceleration. 


Runs. Series. Series Multiple. Multiple. 
A 520 540 235 
B 620 520 275 
C 600 540 980 
D 680 680 515 
E 650 | 600 420 
Е 600 620 455 


z и Schedule of Runs. 

Run ** A."—The “ Pacific ” type steam locomotive had an eight-car train with a 
total weight, including the locomotive, of 465°0 tons, as compared with the eight-car 
train including the electric locomotive weighing 465'5 tons. Both trains started together, 
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with the steam locomotive accelerating faster than the electric locomotive, due to the 


abnormal drop in voltage from the pressure at the station of 700 volts to a track | 
voltage as low аз 235 volts. At 8,000 ft. from the starting-point, the electric locomotive | 
gained Ше same speed as the steam locomotive, and from that point accelerated more | 


rapidly, во that at a distance of 2 miles from the starting-point the electric locomo- 
tive passed the steam locomotive, and, at the shutting-off point, was two train lengths 


ahead. 
Maximum speed of steam locomotive, 50 m.p.h. 


Maximum speed of electric locomotive, 57 m.p.h. 


Run * B."—This run was made under the same conditions as run “А,” with 
results practically the same, except that the speeds were higher, as follows:— 


Maximum speed of steam locomotive, 53°6 m.p.h. 
Maximum speed of electric locomotive, 60 m.p.h. 


Run * C."— This run was made with six-car trains for both locomotives, with total 
train weights as follows :— 


Electric locomotive о : ч s Р 870 tons. 
Steam locomotive . 5 А f и P 888 ,, 


Owing to the extremely low voltage under the conditions above stated, which 
during acceleration fell as low as 830 volts, the steam locomotive at first accelerated 
more rapidly, but at the end of about a mile, the electric locomotive overtook the steam 
irain and continued to forge ahead until the power was shut off. 


Maximum speed of electric locomotive, 61:6 m.p.h. 
Maximum speed of steam locomotive, 58 m.p.h. 


Run *D."—In order to secure results as nearly as possible comparable with 
the conditions of voltage that will obtain in the actual operating zone, this run 
with six-car trains, similar to those used in run “ C," was started at a point nearer the 
sub-station, near mile-post 164. For this run the electric locomotive, from the first 
turn of the wheels, accelerated more rapidly than the steam locomotive; and at a 
distance of 1,500 ft. from the starting-point, the electric locomotive led by a train length. 
The diagram in Fig. 265 shows the acceleration and speed-time curves for this run. 

Run “ E."— This run was made with the electric locomotive and one coach, and 
a maximum speed of 79 miles per hour was attained. 

Run “F.”—This run was made with the electric locomotive running light and 
with the power shut off on curves. A maximum speed of 80:2 miles per hour was 
attained. Had it not been necessary to shut off the current on curves, it is believed 
that the locomotive would have attained a speed of over 90 miles per hour in this 
comparatively short run. (A speed test оп May 1st reached 85 miles per hour, with 
a limitation on the 2-degree 17-minute curve of 78 miles per hour.) 


Riding Qualities. 


At all speeds the smooth riding qualities of the electric locomotive were very 
noticeable, especially the lack of “nosing” effects. After the runs the track was 
carefully examined, and no tendency to spread rails was discovered. However, on the 
sharper curves the high speeds caused the track to shift bodily in the ballast, due to 
insufficient superelevation of the outer rail. 
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Summary. 


The most important test is run “ D," as the voltage during that test more nearly 
approached the conditions that will be obtained in the electric zone. Therefore the 
comparison of steam and electric locomotives, given in Table XCIV., and based upon 
the results of run “ D," are very interesting as illustrating the marked superiority in 
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Fig. 265. ` ACCELERATION AND SPEED-TIME CURVES FOR Run D 
OF New YORK CENTRAL Locomotive TESTS. 


acceleration of the electric locomotive over the steam locomotive. This is clearly the 
case, since the “ Pacific” type of steam locomotive has practically the same weight 
upon the drivers. 


TABLE XCIV. 


Comparison of Steam and Electric Locomotives on New York Central Railway. 


Steam. Electric. price in eva 

Length over all . : с 5 - . | 67 ft. 7Z ins. 36 ft. 111 ins. 80 ft. 85 ins. 
Total weight (including tender for steam Р 

locomotive) + à : ? д . | 842,000 lbs. 200,500 lbs. 141,500 Ibs. 
Concentrated weight on each driving axle . 47,000 ,, 85,500 ,, SOO В 
Hevenue-bearing load back of locomotive . 232 tons. 279 tons. 47 tons. 
Acceleration m.p.h.p.s. averaging up to | 

50 m.p.h. А 3 { : : : 0:246 0:894 | 0:148 
Time required to reach speed of 50 m.p.h. . | 203 seconds. 127 seconds. | 76 seconds. 


New York Central Locomotive Tests of September Tth, 1905. 


These tests were carried out with the electric locomotive hauling a train of eleven 
cars, the first of which was a dynamometer car. The curves in Fig. 266 show the 
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results obtained on an acceleration test. All the records were taken on automatic 
| recording instruments. 
| The draw-bar curve was taken оп the dynamometer car, with unclamped recording 
pointer. The shape of this curve shows the much steadier pull of the electric loco- 
motive as compared to that of the steam locomotive. 

The weight behind the electric locomotive was 805 metric tons, and the weight of 
the complete train, including locomotive, was 394 metric tons. 


| - The results for a run over a much greater distance (41 miles), are plotted in the 
| curves of Fig. 267. 


Completion of 100,000 miles Endurance Test on New York Central Locomotive, 
No. 6,000. 


d In October, 1905, the first half of the 50,000 mile endurance run of the first 

high speed electric locomotive, built jointly by the General Electric Company and 
| American Locomotive Company, was completed on the test tracks of the New York 
Central lines in Schenectady. On June 12th this locomotive completed the second 
half of this exhaustive service test. The maintenance expense per mile for the 
| complete 50,000 mile run amounted to less than seven-tenths of a penny. This figure 
includes all maintenance expense on motors, brake shoes, tyres, inspection, and other 
miscellaneous items. Moreover, the operating eonditions were much more severe than 
those to whieh the thirty-five electric locomotives, which have been ordered, will be 
subjected. The test locomotive hauled a train averaging 200 to 400 tons over a six 
mile track, and high speed running under these conditions involved higher braking 
and accelerating duty than in regular operating service. 

According to a statement appearing in the technical press in August, 1906, eight 
of the thirty-five 100-ton 2,200 h.-p. electric locomotives which the manufacturers 
| have built for the New York Central Lines, follow the same design as the locomotive 
’ №. 6,000, which has made this satisfactory record. There are in all fourteen 
machines now complete. Of the eight locomotives noted, two have been shipped to 
| New York. The remaining locomotives are well under way at the shops of the General 
. Electric Company and the American Locomotive Works, and it is expected that the 
| complete number, thirty-five, will be ready for service early in October, 1906. 


THE BALTIMORE AND OHIO 1896 GEARLESS LOCOMOTIVES. 


While the New York Central electric locomotives for express passenger trains are 
the most powerful in the world, largely in virtue of their high speed, they just fall short 
of being the heaviest electric locomotives. The heaviest are the slow-speed locomotives 
employed for hauling freight and passenger trains through the Baltimore Belt Line 
Tunnel of the Baltimore and Ohio Railway. The earliest type of electric locomotive 
employed by the Baltimore and Ohio Railway is illustrated in Fig. 268 and weighs 
87 metric tons. ‘These locomotives, three of which were placed in service in 1896, are 
each capable of hauling 2,300-ton freight trains at a speed of 10 miles per hour. An 
1,800-ton train has been hauled at 12 miles per hour, and a 500-ton train at 35 miles 
per hour. The 1896 Baltimore and Ohio locomotive, like the New York Central 
locomotive, has gearless motors, but these have six poles, whereas the New York 
Central motors are bipolar. These 87-ton Baltimore and Ohio locomotives of 1896 
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are each equipped with four General Electric type А X В 70 railway motors, each of a 
nominal rating of 180 h.-p. at 800 volts, or a total of 720 h.-p. per locomotive. Thus, 
although this Baltimore and Ohio locomotive is slightly heavier than the New York 
Central locomotive, it is of but one-third the horse-power capacity of the latter. The 


Fig. 268. BALTIMORE AND Онто 1896 GEARLESS Six-PoLE LOCOMOTIVE. COMPLETE WEIGHT, 87 METRIC TONS 


armature is spring-suspended upon a quill surrounding the axle. The field is spring- 
supported to the frame, and centred upon this quill by means of bearings. The 
principal data of the locomotive are given in Table ХСУ. | 


TABLE: ХОУ. 


Leading Data of Baltimore and Ohio 1896 Gearless Locomotive. 


Weight of locomotive, 87 metric tons. 

Number of units, 1. 

Туре of motor, АХ В 70 (General Electric Co. of U.S.A.). 

Nominal horse-power rating of each motor at 600 volts = 860 h.-p. 

> 24 E А at 800 volts = 180 h.-p. 

Gearless. 

Number of trucks, 2. 

Number of motors, 4. 

Weight on driving wheels, 87 metric tons. 

Total tractive effort at full load on motors, 28,000 lbs. | 
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TABLE XCV.—continued. 


Total tractive effort at starting, assuming 25 per cent. tractive coefficient, 48,000 lbs. 
Gauge, 4 ft. 84 ins. 

Diameter of driving wheel, 62 ins. 

Length of locomotive over all, 35 ft. 

Extreme width, 9 ft. 5 in. 

Height to top of cab, 13 ft. 112 ins. 

Total wheel base, about 28 ft. 2: 

Wheel base of each truck, 6 ft. 10 ins. 

Motor axle (sleeve) bearings, 7 ins. X 18 ins. diameter. 

Journal bearings, 82 ins. X 6 ins. diameter. 


Owing to the low speed required, the motors were permanently connected two in 
series, so that in accelerating the transition was from all four motors in series to two 


Fig. 2684. TRUCK OF BALTIMORE AND OHIO 1896 GEARLESS LOCOMOTIVE, SHOWING MOTOR 
IN PLACE. 


parallel pairs in series. This method of running the motors gave to the locomotive an 
aggregate nominal rating of 720 h.-p. 

As originally installed, these locomotives were designed to take power from a 
trolley at an average pressure of about 625 volts. Due to changes in the conditions 
of operation, it was later found more economical to adopt a third-rail system. 

The original tests made after these three locomotives had been put into service in 
1896 exceeded the most sanguine expectations which had been formed at that com- d 
paratively early date. It was found that one locomotive could accelerate a loaded 
train equivalent to fifty-two freight cars having a total weight of 1,900 tons. This 
acceleration was accomplished smoothly on a grade of 0°8 of 1 per cent., and the train 
finally brought up to a speed of 12 miles per hour. The draw-bar pull exerted during 
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acceleration was 63,000 Шв., and the current taken by the locomotive from the line at 
625 volts was 2,200 amperes during acceleration, steadying down at constant speed to 
1,800 amperes. 

Applying to this data the rule that a tractive force of 100 Ibs. per ton produces 
an acceleration of 1 m.p.h. per second, and allowing for the up-grade of 0:8 of 
1 per cent., we have :— 


Total tractive force = 68,000 = 33:2 lbs. per ton. 
1,900 
Tractive force for 0:8 per cent. grade = 0:8 х 22 = 176 lbs. per ton. 
Accelerating tractive force = 882 — 17:6 = 15:6 lbs. рег ton. 
Rate of acceleration = 0°156 m.p.h. per second. 


Time required to obtain a speed of 12 m.p.h. = 12 = 77 seconds. 
à 0:156 
Output during aeceleration = 2,200 x 625 = 1,380 k.w. 
1,000 
Energy consumed during acceleration = 1,880 x 72 = 995 k.w.h. 
3,600 


One of the trucks of an 1896 Baltimore and Ohio locomotive is shown in 
Fig. 268a, 


The Baltimore and Ohio 1908 Geared Locomotives. 


Two new two-unit locomotives weighing 146 tons per pair (or 78 tons per individual 
locomotive) have recently been supplied to the Baltimore and Ohio road. А unit of 
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Fig. 269. ONE COMPONENT оғ 1903 BALTIMORE AND Онто LOCOMOTIVE. 


one of these is illustrated in Fig. 269, while Fig. 270 shows a photograph of a 
complete two-unit set. Fig. 271 shows an interior view; Fig. 272 is a photograph 
of the frame. 

Each individual locomotive is equipped with four 200 nominal h.-p., four-pole, 
geared, one-turn, G.E. 65 B. motors, or about 1,600 nominal h.-p. for the complete | 
double locomotive with eight motors. "The ratio of gearing is 81 : 19, or 4:26. 
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| It was specified that this two-unit locomotive should handle a train of a weight 
of 1,450 metric tons, exclusive of the weight of the locomotive itself, on the Baltimore 


~ and Ohio Trunk Line through the tunnel over a 14 per cent. grade, at a speed of 


: 9 miles per hour on a 625-volt circuit. 

Assuming an accelerating rate of 0:25 m.p.h. per second, a tractive force of 25 lbs. 
per ton would be required for acceleration. А further tractive force of 33 lbs. per ton 
would be required for the 14 per cent. grade. This gives a total tractive force of 
25 + 88 = 58 lbs. per ton, or 58 X 1,450 = 84,000 lbs. for the entire 1,450 tons. 
_ Adding the weight of the 2-unit locomotive (146 tons), gives a tractive force from Ше 
1,450 + 146 24 
о > х 84,000 = 92,000 lbs. 
| The controlling apparatus consists of a multiple-unit control system so arranged 
ав to be able to operate each section independently, or two or more sections coupled 


` motors of 


Fig. 270. BALTIMORE AND Онго Two-unir 1903 LOCOMOTIVE, WITH GEARED FouR-POLE MOTORS. 
\Увтент оғ Туо-омт COMBINATION, 146 TONS. 


together. Тһе cab is of the box type. The master controllers, driver's valves, ete., 
are in duplicate, a complete set being located in diagonally opposite corners of each 
cab, so that the driver can, when it best serves the purpose, operate from whichever 
end of the locomotive corresponds to the direction of motion. 

` Glass doors and windows furnish an unobstructed view of the track and 
surroundings in all directions. There is also a large space under the cab floor to 
facilitate inspection of the motors and truck gear. 

The main body of the truck frame consists of a rectangular framework of cast 
steel, made up of four heavy pieces, two side frames and two end frames. The parts 
are machined at the ends and securely fitted and bolted together, thus forming a 
strong and rigid structure capable of withstanding severe shocks without injury. The 
end pieces form the buffer beams, and to these is attached a draft gear of approved 
design which will withstand a maximum tractive force of 100,000 lbs. The draft gear 
permits of both longitudinal and lateral motion. The truck frames are supported at four 
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points on equalisers. Each equaliser rests on half-elliptic springs, the ends of which 
rest on the journal boxes. In construction, the journal boxes are similar to those used 
in standard railway practice, except that they are larger and stronger. The brasses 


Fig. 272. FRAME оғ ОхЕ-тхіт оғ BALTIMORE AND Онто 1903 ELECTRIC LOCOMOTIVE. 


may readily be removed without moving the wheels and axles or other parts of 
the truck. 
The principal dimensions of the locomotive are given in Таре XCVI. 


TABLE XCVI. 


Principal Dimensions of Baltimore and Ohio 1908 Geared Two-wnit Locomotive. 


Weight of locomotive : : : : я . 146 metric tons (78 metric 
tons per unit) 

Number of units : : 2 : : Е 752 

Type of motor . : : : : - G.B. GB 

Horse-power rating of each Bieber ; г а . 200 h.-p. at 625 volts 

Gearing ratio . : : ; ; : « . 81/19 = 496. 

1014 frame. 

Number of motors (4 per unit) . : , я 228 

Number of driving wheels (8 рег unit) 5 : a all 
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TABLE XOVI.—eontinued. 


Principal Dimensions of Baltimore and Ohio 1908 Geared Two-unit 
Lccomotive—continued. 


Weight on driving wheels (73 metric tons per unit) . 146 tons 
Total tractive effort for two units at full load on motors 70,000 lbs. 


x - at starting up, assuming 25 per 
cent. tractive coefficient . . 80,000 lbs. 

Gauge . А . : я : : : . 4 ft. 84 ins. 
Diameter of driving wheels ; : ; . 42 ins. 
Length over all (for one unit, 29 ft. 7 ins.) : . 58 ft. 74 ins. 
Wheel base of each unit . Е 4 i 3 . 14 ft. 62 ins. 
Extreme width (over cab roof) . : : : . 9 ft. 53 ins. 
Width to outside of third rail shoe support З - 10 ft. 74 ins. 
Height to top of cab . ; 5 : : : . 18 ft. 8 ins. 

d a ote belle ; 5 , Р 5 . 14 ft. 94 ins. 
Motor axle bearings . : е ; : : . 14 1п8. X 8 ins. diameter 
Journal bearings я ; : . i . 12 ins. X 6 ins. diameter 


The weight of the electrical equipment per component unit, is made up as shown 
in Table XCVII. 


Tasng ХОУП. 
Weight of Electrical Equipment of Baltimore and Ohio 1908 Geared Two-unit 


Locomotive. 
Four motors, each weighing 8,855 Ibs., complete with gear and case . 35,420 lbs. 
Weight of twenty-three rheostats . : А Е с s ч 5 2.7600 3 
Weight of two master controllers . Е с 2 а 5 6 Е 496 ,, 
Weight of complete control apparatus, including master controllers 
and rheostats . ; : я 3 : қ ; Я г: bud 
Weight of air compressor $ 5 а с Б : e . 0560055 
Weight of cables and miscellaneous accessories. . : 4 2 59:00065 
Total weight of electrical equipment . Е . 44,780 lbs., 


or 20:4 metric tons, or 28 per cent. of the total weight per unit. 


The locomotive carries the customary whistle, bell, nead-lights, improved air brake | 
mechanism, pneumatic track sander, air compressor couplers, and draw-heads. 

In order to convey some idea of the relative size of these locomotives it may be 
noted that at the nominal rating of the motors, each locomotive is capable of accelerat- 
ing on a level а train weighing 3,000 tons with a current consumption of 2,200 amperes. 
At a speed of 18 miles per hour this current steadies down to 900 amperes. With 
the same current of 2,200 amperes the locomotive will accelerate а 1,400-ton train to 
a speed of 10 miles per hour on a 1 per cent. grade, the current at this speed 
being 1,600 amperes. The free running speed of the locomotive, without train, is 
approximately 24 miles per hour. 


314 


LOCOMOTIVES AND MOTOR CARRIAGES 


In Fig. 278 are given the tractive force and speed curves for one of these two- 
. unit locomotives when all eight motors are connected in parallel, as published in 1904 
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Fig. 979. CHARACTER CURVES OF BALTIMORE AND Онто 1903 GEARED TWO-UNIT LOCOMOTIVE. 


by the General Electric Co. of America and presumably calculated from factory 
tests of the motors. 


GEARED versus GEARLESS LOCOMOTIVES. 


The question of geared versus gearless motors for locomotives is one of considerable 
importance, In the first passenger locomotives employed on the City and South London 
Railway, gearless motors were installed, and are still almost exclusively employed on 
this road, the only geared locomotive being kept as a spare, and employed in shunting. 
In the locomotives used on this road, the armature is built up directly on the axles, as 
shown in Fig. 274, and no provision is made for protecting it against the blows trans- 
mitted through the wheels from the track. Mr. P. V. McMahon, the Chief Engineer 
of the City and South London Railway, nevertheless reports! that * although troubles 
have been experienced with these locomotives, principally due to failures of armature 
winding, they have run upwards of 400,000 miles in actual service.” Тһе average 
life of the armature works out ав“ over 100,000 miles before rewinding, and experi- 
ence shows that in no ease can the armature failures be traced to having the armatures 

1 Qassiers Magazine, August, 1899, p. 585. 
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directly secured to the axle of the locomotive." Mr. McMahon states that in the case 
of the only geared locomotive employed on the road, armature troubles are just as 


g. 274. METHOD оғ MOUNTING ARMATURE ON AXLE OF CITY AND 
SOUTH LONDON RAILWAY GEARLESS LOCOMOTIVE. 


frequent as with the gearless locomotives, “and the gearing makes such a noise that 
this locomotive is kept ав a spare one and is used for shunting.” Тһе City and South 


Fig. 275. CITY AND SOUTH LONDON GEARLESS LOCOMOTIVE. 
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` London locomotives have been supplied by various firms. The type supplied by 
| Messrs. Siemens Bros. is illustrated in Fig. 275. 

As already stated, the earlier ТЕТІ and Ohio locomotives are equipped with 
| gearless motors. The armatures are carried on sleeves, on the ends of which spiders 
are shrunk, and the driving wheels are rotated by the spider arms which project 
ШЕ сев Ше spokes and are provided with double rubber cushions. This construction 
has been illustrated in Fig. 2684, on p. 809, which represents a truck of one of these 
. locomotives with the gearless motors in place. 


The Central London Railway Locomotives. 


| The Central London locomotives, outline drawings of one of which are given in 

Fig. 276, were each equipped with four gearless motors, of the G.E. 56 type. These 
| were supplied as of 117 h.-p. each, but, in accordance with the standard 1-hour method 
of rating, they could more properly be estimated as of 170 h.-p. nominal capacity each. 
| For these motors, the armature cores were built up on sleeves, which were pressed 
| directly upon the shaft. These moderately heavy locomotives (each weighed 44 metric 


_ tons), occasioned vibrations in the buildings above the tube in which they operated, 


апа a geared and consequently lighter locomotive was tried. "һе geared loco- 
| motive was equipped with four 150 nominal h.-p. motors (of the С.Е. 55 A. 
| буре), the ratio of gearing being 9:3: 1. The weight of this geared locomotive was 


only 813 tons, ог 72 per cent. of the weight of the gearless locomotive. There still 


being some vibration, however, locomotives were altogether abandoned, and the road 
| is now operated exclusively with a service of trains each consisting of five trailers at 
the middle of the train and a motor ear at each end, the end truck of each motor car 
carrying two 125 h.-p. motors of the G.E. 66 A. type, with aratio of gearing of 8:9: 1 

In Table ХСУШ. are given the detailed weights of the gearless Central London 
Railway locomotive :— 


j Tasng XCVIII. 
Detailed Weights of Gearless Central London Railway Locomotive. 


Weight in Pounds. 
Description of Part. 
Each, Total. 
Platform frame Е : у : 5 = il 10,600 
Cab with sloping ends  . а 2,770 
Two trucks without motor, hea. amal axie 5 9,485 18,870 
Four motor armatures, less shaft . 3 я 8,000 12,000 
Four motor fields . 4 я 5 Е в 9,000 86,000 
One controller . Е ы я : г 1,808 
Thirty Р.В. resistance hoes : | Е 2 100 8,000 
One C.P. 10 air-pump (with motor) . : 1,280 
One air receiver (included i in locomotive frame) 
Small electrical accessories, 387 : ; А 200 
Motor connections . ; е я 1 115 
Brushes . : А : { Е А қ 76 
Hight wheels . А 5 е : : z 975 7,800 
Four axles 5 3 ; г s З \ 760 8,040 
Total pounds . : ч — 97,559, 
or 44:3 metric tons. 
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Fig. 276. CENTRAL LONDON RAILWAY GEARLESS LOCOMOTIVE. 
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The weights of the component parts of the locomotive, excluding electrical 
equipment, are given in Table XCIX. 


TABLE XCIX. 
Gearless Central London Locomotive Weights, Exclusive of Electrical Equipment. 


Weight in Pounds. 
Description of Part. 

Each. Total. 
Platform frame Е Я } > : : 10,600 
Cab with sloping ends  . 5 2,770 
Two trucks without motor, з and axles : 9,485 |: 18,870 
Hight wheels . у { Е 5 , 975 7,800 
Four axles 5 à Е y Е қ Е 760 3,040 
Total pounds . ; «| 43,080, 

| or 19-6 metric tons. 


The weights of the electrical equipment are given in Table C. 


TABLE C. 
Weights of Electrical. Equipment of 2207 Central London Locomotive. 


Description of Part. Weight in Pounds. 
Motor armatures . d 2 азун А 12,000 
Motor fields .  .. : Кү: Е . | 86,000 
Controller (L.T) Е f 4 ! eI 1,800 
Pressed ribbon resistances А { с^, 8,000 
Air compressor set . 5 дал ; 3 1,800 
Small electrical accessories . я 2 ; 200 
Motor connections and brushes HO ee fel 200 

Total weight electrical equipment . 5 54,500, ог 


25 metric tons, ог 56 рег cent. of total weight of locomotive. 


Paris-Orleans Locomotives. 


In Figs. 277 and 278 is illustrated а 49 metric ton! geared locomotive, somewhat ` 
lirger than the Central London geared locomotive, but of the same general type. 
Hight locomotives of this design were, in 1900, placed in service on the lines of the 
Chemin de Fer de Paris-Orleans to haul 300-ton passenger trains from the Austerlitz 
Station through 9:4 miles of tunnel to the new terminus near the Quai d'Orsay. 
Most of the trains made an intermediate stop of 1 minute’s duration at Pont St. 
Michel. The running time over these 2°4 miles, including the intermediate stop, was 
8 minutes, or a schedule speed of 18 miles per hour. The express service required 
only 7 minutes, which corresponds to 20°5 miles per hour. Hach locomotive was 


1 The weight of the locomotive has often been quoted at 100,000 lbs., or 45 metric tons. The 
true figure is, however, 49 metric tons, 


319 


ово опа i PUENTE TERES ы) ее‏ ق 
Sa -----‏ 


iam -= paes اہ‎ 


са pass etn nis ра 


ETT rt == =. Cy +! еее 


Pee es ее бенде ра cap eer гора 


io ааа 


pu 


t 


ELECTRIC RAILWAY ‘ENGINEERING 


LOCOMOTIVES AND MOTOR CARRIAGES 


equipped with four geared 250 h.-p.1 motors of the G.E. 65 A. type, one on each axle 
of the two bogie trucks, or 1,000 h.-p. per locomotive. 

The design of the locomotive consists of a central, steel cab with sloping ends mounted 
on а channel framework and carried by two swivel trucks. The trucks are of especially 


Fig. 278. Parts-ORLEANS GEARED ELECTRIC LOCOMOTIVE. 


heavy build, being constructed with solid forged-steel side frames after the manner of 
steam locomotive construction, and in contrast with the common M.C.B. type. The 
general appearance of the locomotive is clearly shown in Figs. 277 and 278, and the 
principal data are set forth in Table СТ. 


TABLE CI. 

Principal Data of Paris-Orleans Geared Electric Locomotives. 
Length over all . с. ; : : : 84 ft. 10 ins. 
Ма. ИЗ я : : А , : DAE ers 
Height above rails : é А С : Е 1295.59 7 
Distance between trunk centres . 1 : о 16. 0. 
Wheel base, each truck { ; А я Е 1, 105 

25 „ total ; с 5 ; E 5 285, 10 2 
Diameter drivers. . Н А TTE З Ж), 1%; 
Central cab length А р с А 5 ы 972, LO. v 

5 » width ; Я : : : : SE alls, 
Number of driving wheels . : с : , 8 
Total weight of locomotive 5 : 5 49 metric tons. 


1 These motors have been referred to as of 225 h.-p., and also as of 270 h.-p. We have, 
therefore, taken them as being of 250 h.-p. capacity on the 1-hour basis of rating. 
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The truck side frames are carried on half-elliptic springs over each axle-box, the 
arch of the spring (which is inverted) resting on top of the axle-box, and the ends of 
the springs supporting the side frames by means of links. The bolster is supported 
on regular double elliptic springs carried in the transom. 

The motors are of the single reduction railway type, and are supported by 
nose suspension on а lip carried by the truck transom. Тһе gear ratio is 
78 to 19 (41 to 1), and the axle brackets surround an axle 7 ins. in diameter, 
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Fig. 279. CHARACTERISTIC CURVES OF PARIS-ORLEANS LOCOMOTIVE, WITH 
41 GEAR RATIO. 1 


the size of Ше axle being 75 ins. in Ше gear fit and 6 ins. in the journals, 
which are 10 ins. long. The controller is of the L. 7 series parallel type, 
and is operated in conjunction with rheostats located in the sloping cab ends. 
The air brakes are of the Wenger compressed air system, the supply being 
furnished on each locomotive by a pair of C.P.-10 compressors, each having 
a rated piston displacement of 35 cubie ft. per minute against 90 lbs. per square 
inch. The track sanding device and the whistle are operated from the compressed 
air supply, which is maintained at constant pressure by means of an automatic 
governor operating in connection with the compressor motors. Included im 
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_ the electrical equipment of the locomotive are also an ammeter, volt meter, and 
recording watt meter, together 
| with a main circuit breaker, 
“magnetic blow-out, main switch, 
and other accessories. 

The third-rail system sup- 
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The weight of the electrical equipment is made up as shown in Table CII. 


Fig. 280. CmanaorERISTIO CURVES or PaRIS-ORLEANS 
ELECTRIC LOCOMOTIVES WITH 2:23 GEAR RATIO. 


Taste СП. 

Weights of Electrical Equipment of Paris-Orleans Geared Electric Locomotives. 
Four G.E. 65А. motors, including gear and gear case, at 8,980 lbs. each . 85,700 
Weight of rheostats per locomotive . 5 : : . : : - 3,000 
Weight of controllers per locomotive . а A я 4 ; А Е 4,500 
Weight of remainder of electric equipment . Е : Е o : o 3,500 


Total weight of electrical equipment of one locomotive, including motors, 
controllers, rheostats, gearing, air compressors, and instruments . . 46,100 Ibs., or 
21:0 metric tons, or 43 per cent. of total weight of locomotive. 


The initial equipment furnished to the Orleans Co. comprised eight complete 
locomotives, each of which made an average total of over 18,000 locomotive miles per 
annum, the ‘‘crow-mileage” totalling for the same period about 10,500 locomotive miles. 

The Paris-Orleans road has since 1900, when these eight electric locomotives 
were put in service on the 274-mile tunnel section, gradually carried out the electrifica- 
tion of other sections of the line. Chief among these is a 12-mile section between 
Austerlitz Station and Juvisy. This necessitated more rolling stock; and, in addition 
to securing three new locomotives and a number of motor cars, the company, in 1904, 
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changed the gear ratio of seven of these eight original locomotives from 4:1 to 2:23, thus 
changing the characteristic curves from those shown in Fig. 279 to those of Fig. 280. 
The three new locomotives are of the “‘ baggage-car " type, ав shown in Fig. 281. 
Each new locomotive is also equipped with four G.E. 65 motors with a gear ratio of 
2:98, and therefore also has the characteristics shown by the curves of Fig. 280. 
Denoting by E! that one of the eight original locomotives which still has the 
original gear ratio of 4:1, by E? to B®, those in which the ratio has been changed to 
2:93, and by E? to E!!, the new locomotives of the * baggage car type," we obtain the 


————————À 


Fig. 281. ‘“ BAGGAGE Car” TYPE or PARIS-ORLEANS ELECTRIC LOCOMOTIVE. | 


leading data set forth in Table СІП. The figuresin the last column, AE! to AE’, refer | 
to five motor cars each equipped with four G.E.66 motors. These motors each have а | 
1-hour rating of 125 h.-p. 
Taste ОШ. 
Data of Paris-Orleans Rolling Stock. 


мды... Original Туре (1906). Tree УНЫ Motor Cars. 
Е. | E» to Ев. Ey to E11. AE; to AE;. 
Weight . 5 с р Е А 49 tons. 49 tons. 55 tons. 45 tons. 
Length over all .  . «| 848, 10ins. | 84 #5. lO ins. | 87 ít. 6 ins. 57 ft. 0 ins. 
Number of bogies . Е s А 2 2 2 2 
Wheel base, each truck 27 т ба | ТЕСТО tas, ТО 6 ft. 6 ins. 
Distance: between truck centres .| 16 ft. 0 ins. 16 ft. 0 ins. 18 ft. 6 ins 40 ft. 8 ins. 
Diameter drivers Ё 3 Е 4 ft. 1 in. 4 ft. 1 in. 4 ft. 1 in. 8 ft. 6 ins. 
Ratio of gearing А : Ч sil 41 2:23 2:28 8:08 
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The locomotives with the 2°23 gearing, when running without a train, may attain 
a speed of 62 miles per hour, and will haul a 200-ton train at a speed of 48 miles per 
hour. Each locomotive is supplied with an extra controlling switch permitting of 
grouping the four motors either in two groups of two motors in series or in two groups 
lof two motors in parallel. The main controller effects the series-parallel controlling 
iof these two groups. The newest locomotive is furnished with multiple unit control 
apparatus, but the first ten locomotives have L. 7 controllers. 

Two motor cars, each equipped with four G.E. 66 motors, when employed in a 
‘train of a total weight of 200 tons, cover the 12 miles from Austerlitz to Juvisy in 
715 minutes without a stop. This is an average speed of 48 miles per hour from start 
to stop. Some still newer motor cars are furnished with G.H. 55 motors, and the 
first five motor cars will ultimately have their G.E. 66 motors replaced by G.E. 
55 motors. 


Gearless Locomotive especially adapted to Heavy Traction at High Speeds. 


The contractors for the New York Central locomotives, in referring to this 
| question of geared versus gearless locomotives, have stated that, in studying the condi- 
tions to be met by the New York Central locomotives, it was concluded that the gearless 
motor design possessed characteristics especially adapted to high speed electric traction 
work. For the specified service conditions it was thought to be superior to any geared 
| motor which it was possible to build. In working out the design, the endeavour was 
to secure great simplicity, strength, ease of inspection, and facility in making repairs. 
The absence of motor bearings and gears and the excellent commutation and heating 
qualities of the motors are stated to ensure minimum maintenance charges. In 
making repairs or renewals, an armature, with its wheels and axle, may be removed 
by lowering the complete element without disturbing the fields or any other part of the 
locomotive, and a new element inserted in its place. Тһе design overcomes the great 
| difficulty of providing a sufficiently small clearance between pole shoes and armature 
‘surface, and at the same time permits sufficient flexibility of support to the magnet 
frame to prevent unduly severe blows on the track. By the choice of a two-pole 
construction, a large vertical movement of the spring-borne frame does not materially 
affect the depth of the air gaps. In the design of the New York Central locomotive, the 
dead weight on the axle is not materially greater than is customary with locomotives, 
and, furthermore, there is no unbalanced weight to produce vibration, with attendant 
injury to the traek and road-bed construetion. Table CIV. was prepared in this 
connection to show the estimated total dead weight per axle of the electric locomotive 
shown in Fig. 252, as compared with representative steam locomotives of equal 
capacity :— 


lasng CIV. 
Comparison of Steam Locomotive with Gearless Bi-polar Electric Locomotive. 
Total Weight Diameter ; | Unbalanced 
of Driving | В Total Dead Weight B eight per 
Wee! | Davas | operare Powis, | И 
: | | | 
Steam locomotive . : ‚131100051 ams: 7,000 to 11,000 | 122 to 129 
л x с Е .| 127,500 | 70 в. | 10,000 to 13,000 | 77 to 81 
Electric locomotive of Fig. 252 | 133,000 | 44 ins. 12,000 | 0 
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Advantages Associated with the Greater Weight of Gearless Locomotives.— 
Adhesive Coefficients. 


Furthermore, the use of gearless motors on locomotives is often of distinct 
advantage in giving the weight per axle necessary for securing sufficient adhesion in 
starting heavy loads. In some cases, where geared motors are used on electric loco- 
motives, it has either been the practice to adopt an especially heavy truck construction 
or to load the locomotive with ballast. It must, however, be borne in mind that, owing 
to the exceedingly uniform effort imparted to the driving wheels by the rotative motion 
of the armature as compared with the varying thrust of a steam locomotive, an electric 
locomotive of a given weight can exert a greater tractive force before slipping the 
wheels than can a steam locomotive. It is on record that the 87-ton gearless Baltimore 
and Ohio locomotive has started from rest a 1,700-ton train against such a grade as to 
require the development of a tractive force of 68,000 lbs. behind the locomotive, which 
thus developed a tractive force of 720 lbs. per ton of weight. This is a tractive force 
equal to over 82 per cent. of its weight. Of course in such tests the condition of the 
track is of great importance ; nevertheless, it is common in steam locomotive practice 
to estimate on not over half this amount of adhesion. A value of 25 per cent. may safely 
be employed for the adhesive coefficient in the case of electric locomotives, as 
against some 16 per cent. for steam locomotives. 

In a paper read before the Pacific Coast Railway Club,! MeDoble has touched 
upon this subject. -His estimations of the adhesion coefficient in the case of steam 
and electric locomotives respectively, are set forth as follows :— 

“ From 25 to 80 per cent. of the weight of an electric locomotive can be utilised 
as draw-bar pull, while actual tests have shown that as high as 33 per cent. can be so 
used. Compared with these figures are coeffieients ranging from only 13 to 16 per 
cent. for the most powerful steam locomotives built. These figures are based on the 
ratio of the maximum draw-bar pull to the total weight of the locomotive. Con- 
sidering the comparative weights on the drivers in each case, we find that the 
electrie locomotive shows an increase over the steam, of from 10 to 20 per cent.” 

Carter, however, makes the most explicit statement, and one which the authors 
feel inclined to regard as the most sound. He states :— 

“ The weight on driving wheels must -be determined before the equipment can be 
finally settled upon, in order to discover whether the adhesion is sufficient to stand 
the tractive effort of the motors. The accelerating tractive effort should not exceed 
about 17 per cent. of the weight on driving wheels in the case of trains driven by 
motor cars, operated by the multiple-unit system of train control, wherein it is 
impracticable to sand the rails in front of all driving wheels in bad weather. Where 
locomotives are used, however, the average accelerating tractive effort may be allowed 
to amount to 24 or 25 per cent. of the weight on driving wheels, if efficient provision 
is made for sanding the rails in case of need.” 


The Valtellina T'hree-Phase Gearless Locomotives. 


The polyphase motors supplied by Messrs. Ganz & Co. for the Valtellina Railway, 
have also been of the gearless type, or rather they һауе all had a speed equal to that 


! Electric Journal, August, 1905. 
. ? “Technical Considerations in Electric Railway Engineering," paper read before the Institution 
of Electrical Engineers, January 25th, 1906. 
326 


HOCOMOTIVES AND MOTOR CARRIAGES 


of the driving wheels, although, as we shall see, the motor, in the latest design of 
locomotive, transmits its power to the driving wheels through a connecting rod. This 
arrangement overcomes the necessity for mounting the armature directly upon the 
driven axle, and introduces further obvious advantages as regards better utilisation of 
the available space. 


First Valtellina Electric Locomotives. 


The first locomotives, as illustrated in Fig. 282, were, however, of the true gearless 
type with the armatures on the driven axles. Hach locomotive was equipped with four, 


Fig. 282. EARLY TYPE оғ VALTELLINA THREE-PHASE GEARLESS LOCOMOTIVE. 


three-phase induction motors. The locomotives were mounted on bogie trucks with 
wheels of 55 ins. diameter, and were equipped with four gearless motors, each of 
225 h.-p. rated capacity. As the locomotives were designed for freight haulage at a 
constant speed of 18°6 miles (30 kilometres) per hour, cascade control was not 
provided. When it is desirable, with these locomotives, to run the train at a speed 
lower than normal, resistance is inserted in the rotor circuit. It is further arranged 
that all the motors or only a part of them may be used, according to the load. The 
four liquid starters are so constructed that the water level is always the same in all of 
them, and any level can be maintained for any required time. 

These locomotives weigh 47 metric tons. - Each motor weighs 4:9 metric tons and 
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runs at a speed of 128 revolutions per minute, corresponding to 14 poles and 
15 cycles per second. Drawings of this locomotive are given in Figs. 283, 284, 
285, and 286. 


Valtellina Electric Locomotives of 1904. 


These new locomotives for hauling passengers, express freights, and ordinary 
freights, have also been supplied to the Valtellina Railway by Messrs. Ganz & Со. The 
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Fig. 285. EARLY TYPE or VALTELLINA (GEARLESS) LOCOMOTIVE. 
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Fig, 286. EARLY TYPE oF VALTELLINA (GEARLESS) LOCOMOTIVE. 
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design of these locomotives differs radically from that employed for the first Valtellina 
locomotives. In the first place, they are proportioned for considerably higher speed 
and power, and weigh 62 metric tons, as against the 47 tons weight of the first 
locomotives. À | 

The specification to which these 1904 locomotives were required to conform, ealled 
for two normal speeds, the first being from 87 to 48 miles per hour, and the second 
from 18'5 to 21:5 miles per hour.. The required tractive force at the rim of the driving | 
wheels is equal to 8:5 metric tons at the higher, and 6:0 metric tons at the lower of 
these speeds. Each primary motor, when operated at its normal speed of 225 . 
revolutions per minute, has a nominal (1 hour 75 degrees Cent.) rating of 600 h.-p. ; 
hence the nominal rating of a locomotive at its standard full speed is 1,200 h.-p. 


For half-speed the rotors of ‘the primary motors feed the stators of the cascade 
motors, and the two pairs of motors then have a nominal 1-hour rating of 900 h.-p., 
or 450 h.-p. per pair of motors. They are required to accelerate a 400-ton train on 
an incline of 0:1 per cent. іп 55 seconds from rest up to a speed of 18:6 miles per 
hour. They are also required to accelerate a 250-ton train on an incline of 0:1 рег 1 
cent. from rest to а speed of 87 miles per hour in 110 seconds. These performances | 
correspond to tractive forces some 50 per cent. higher than those given above as 
normal. ‘Taking the first of these two specified performances, and assuming a uniform 
rate of acceleration, this works out at = 0:84 m.p.h. per second. This would 
require a tractive force of 84 lbs. per ton. The 0:1 per cent. incline would call for a 
further 272 lbs. per ton, or a total of about 36 lbs. per ton. The train, together with 
the locomotive, weighs 400 + 62 = 462 tons, and thus there is required to be | 


330 


600000 
00090 
00000 


0 


0009009 


FS 


کے بی 
| 


7, 


331 


X ү 
ЕС 
\ 
OIE 
S 
| 
ЕЕЗ 
CEES) 
9999, 
oooo 
| 9000 
| JOGO 
0000 | 
ә 
aa 


= 


2 


LOCOMOTIVES AND MOTOR CARRIAGES 


developed at the rims of the driving wheels a tractive force of 462 х 86 = 16,700 lbs. 
For the second specified performance, the rate of acceleration is again 0:84 m.p.h. 
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“1904” TYPE VALTELLINA THREE-PHASE ELECTRIC LOCOMOTIVE. 


Fig. 288: 
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per second, and since the grade is again 0:1 per cent., the tractive effort is 
(250 + 62) х 86 = 11,200 lbs. But this must be exerted for 110 seconds as 
compared? with 55 seconds during which the 16,700 lbs. tractive force were called 
for. These tests were required not only at the normal pressure of 3,000 volts, 
` but also at 2,700 volts. It was also required that the locomotive should be able to 
start а 250-ton train on a 2 per cent. grade and bring it up to a speed of 18:6 miles - 
per hour. 

It was required that the motors and electrical apparatus should be so constructed 
that every 2 minutes for 1 hour they should be capable of starting a 400-ton train 
on a 0°3 per cent. grade, and of bringing it up 
to a speed of 18'6 miles per hour, without 
excessive heating. 

A further requirement was that the motors 
should be so designed that on a 10 hours’ 
test in the shops at each of the normal speeds 
and loads the temperature rise of no part 
should exceed a temperature of 60 degrees 
Cent. above the surrounding air. They should 
also stand a 100 per cent. overload for 200 
seconds without more than 40 degrees Cent. 
temperature rise above surrounding air, and 
a 50 per cent. overload for 1 hour for this 
same limiting temperature increase. 

A feature of especial interest relates to 

| the means by which the power is transmitted 

ІШ | from the motors to the driving wheels. The 

Ce EE i coaxial arrangement has been entirely aban- 

Fip. 289. 19042" тена Т. doned with a view largely to facilitating ready 

TunEE-PHAsE ELEOTRIO Locoworrvg, 890688 to the motors for repairs or general 

attention. The motors are mounted between 

the driven axles, and act on a connecting rod by means of cranks. A photograph 

of one of these locomotives is given in Fig. 287, and drawings will be found in 

Figs. 288 to 293. A photograph of the interior of the driver’s cab is given in 
Fig. 294. А diagram of the electrical connections is given in Fig. 295. 

The bearing by which the crank on the middle driving wheel communicates with 
the connecting rod is, as shown in Fig. 296, designed so as to have a free vertical 
movement. This is necessary in order to prevent any vertical vibration from being 
transferred from the wheels to the rotor. It also protects the rails from variable 
pressures due to the reciprocating parts. | 

The locomotive has a total weight of 62 tons, of which 42 tons come оп the driving 
wheels. The total length of the locomotive is 88 feet; the wheel base between each 
two driving wheels is 7:7 feet. Тһе driving wheels have a diameter of 59 ins. 
Instead of having four separate motors, as in the first locomotives, one high tension 
(3,000 volts) and one low tension (400 volts) motor have been combined in a single 
casing. Each is wound for 8 poles, and therefore at 15 cycles the normal speed is 225 
revolutions per minute. When connected in cascade, the speed is 11275 revolutions 
per minute. The low voltage motors are not in circuit at the higher speed. The 
normal speed of the locomotive is 40 miles per hour when the primary motors are alone 
in circuit, and 20 miles per hour for cascade operation. Each motor frame is supported 
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“1904” TYPE VALTELLINA THREE-PHASE ELECTRIC LOCOMOTIVE. 


Fig. 292. 
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by four rods with spiral springs between the heads and the lugs on the frame. A 
photograph of one of the combination cascade motors is given in Fig. 297, and drawings 
in Fig. 298. Thenovel arrangement of the collector rings, as clearly seen in Figs. 297 
and 298, is a noteworthy feature. The slip rings are only in circuit when the primary 
motor is alone in service. For cascade connection, the current from the windings of 
the primary rotor flows directly to the windings of the low voltage rotor. Carbon 
brushes are employed with the slip rings. A view of the slip rings with the brushes in 


Fig. 293. TROLLEY For “1904” TYPE VALTELLINA THREE-PHASE ELECTRIC LOCOMOTIVE. 


place is shown in Fig. 299. Each primary motor alone would weigh 8'2 metric tons, 
but the secondary motor brings the combined weight up to 19:4 metric tons. Hence the 
total weight of the two combination sets of motors amounts to 24:8 metric tons. The 
motors therefore constitute 40 per cent. of the 62 metric tons of total weight of the 
complete locomotive. Each of the two bogie trucks carries one of these combined 
primary and secondary motors. 

Of the three locomotives supplied, two are equipped with liquid starting rheostats, 
and one with metallic starting rheostats. The entire control, including the manipulation 
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of the trelley and of the water rheostats, is effected by means of compressed air 
Diagrams of the pneumatic connections are given in Figs. 300 and 301, relating respec: 
tively to arrangements with water and metallic rheostats. The controller is provide 
with such interlocking connections that the motors can only be reversed when th. 
primary circuit is open. | 

The photograph іп Fig. 302 illustrates the motor-driven air compressor. Thi 


Fig. 294. INTERIOR OF DRIVER’S CAB or “19047 VALTELLINA LOCOMOTIVE. 


motor is supplied from the 110-volt secondary of a 5-kilowatt oil transformer, whose 
primary windings are fed at 3,000 volts. At its normal speed of 430 revolutions per 
minute, this compressor can supply 520 litres! of air. Two air receivers, located on 
the roof of the locomotive, are provided. One of these supplies air for the electrical 
apparatus, and the other for the Westinghouse brakes. The compressor motor is cut 


This volume corresponds to atmospheric pressure. 
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Fig. 295. ELECTRICAL CONNECTIONS OF “ 1904” 


« Overhead trolley line. 


b Current collector. 
c Circuit breaker. 

d Main fuse. 

e Choking coils. 

f Distribution box. 

g Lightning arrester. 
т MWoanafarmer fuse. 
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j Ammeter. 
М High tension circuit- breaker relay. 
K High tension switch. 
m High tension motor. 
т. Low tension motor. 
L Speed control switch. 
p Short circuiting switch. 
X Regulator for water rheostat. 
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TYPE VALTELLINA THREE-PHASE ELECTRIC LOCOMOTIVE. 


r Water rheostat. 

s Transformer. 

t Hand operated switch for air pump. 
u Automatic air pressure regulator. 

» Motor for driving air pump. 

« Voltmeter resistance. 

y Voltmeter. 
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lig. 296. COMMUNICATING BEARING BETWEEN CRANK AND CONNECTING Кор ох 
‘ 1904” TYPE VALTELLINA THREE- PHASE LOCOMOTIVE. 


Fig. 297. ONE OF THE CASCADE MOTOR SETS OF THE “ 1904” Түрк VALTELLINA 
THREE-PHASE ELECTRIC LOCOMOTIVE. 
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in and out automatically, according as the pressure in the receivers falls below or rises 
above a pressure of six atmospheres. Place was originally provided on the locomotive: 
for a second step-down transformer and air compressor, and these һауе subsequently: 
been installed. | 
The locomotives are operated from а three-phase line at a periodicity of 15 cycles: 
per second, and a pressure of 3,000 volts. At the power-house the energy is supplied 
direct from 20,000-volt generators, and is transmitted at this pressure to sub- 
stations, where it is reduced in stationary transformers to 3,000 volts, and delivered to 


Fig. 299. Бноуутха SLIP RIxas or MOTOR or “1904” Түрк VALTELLINA ТнвЕЕ-РнАвЕ 
ELECTRIC LOCOMOTIVE. 


the low tension conducting system, which consists of two overhead wires and the track 
rails. All the three locomotives are in regular service hauling 250-ton passenger and 
400-ton freight trains. 


Regenerative Features as observed at Valtellina. 


Cserhati (Zeit. Ver. Deut. Ing. XLVIII., pp. 125—132, January 28th, 1905) has 
pointed out an interesting feature observed on the Valtellina road. It is found tl 184, in 
spite of the relatively infrequent service of heavy trains, the fluctuations in the load 
at the power-house are relatively small. Thus for the entire day, the maximum 
load is only three times the average load, and if one deducts those hours during 
which only a single train is running, and for which a single generating set TM. 
and considers only the remaining part of the day, then the maximum load is only 
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1:8 times the average load. Now the generators are driven by water power, and the 
speed regulation is none too good. ‘This, however, is the basis of the advantage to 
whieh Cserhati calls attention, namely, that, should several trains start up at once, the 
drop in speed of the generating sets is so great that the induction motors of the trains 
running at normal speed at the time, act as generators, and feed back into the line, 
and, in fact, pull the power-house generators up to speed again. Thus extreme peaks 
of load are avoided. Cserhati describes the trains on the line as constituting the 
equivalent of a gigantic fly-wheel which materially deereases the overload shocks on the 


Fig. 302. Мотов-овгувх AIR COMPRESSOR FOR THE “1904” Түрк VALTELLINA 
THREE-PHASE ELECTRIC LOCOMOTIVE. 


power-house plant. The relatively low amount of power required is stated to be also 
in part due to the smooth starting rendered practicable by the use of water rheostats. 


1906 Ganz Locomotive Supplied to the Italian State Railways. 


On an order for the Italian State Railways, Messrs. Ganz & Co. have now (1906) 
just completed two new three-phase high tension locomotives. One of these is shown 
at the International Simplon Exhibition at Milan. This new type of locomotive is, 
as regards its mechanical parts, similar to the three electric locomotives last supplied , 
by Messrs. Ganz & Co. for the Valtellina Railway, and only differs from them in the 
electrical equipment in so far that, instead of having twin motors, it is equipped with 
two single motors, which are disposed in the locomotive similarly to the twin motors of 
the previous locomotives. Both motors are high tension motors, one having eight 
poles, the other twelve poles, and the independent connection of these motors and the 
cascade connection of both allows of the use of three economical speeds corresponding 
to the number of poles, i.e., eight, twelve, and twenty, thus permitting of speeds of 
64, 424, and 25 kilo-metres per hour. The rated capacity of the motor with eight 
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poles is 1,500 h.-p.; that of the twelve pole motors is somewhat smaller. Valatin has 
kindly informed the authors that the 1,500 h.-p. motor weighs 13:1 metric tons. Its | 
synchronous speed is 225 R.P.M. 


Valtellina Motor Cars. 


The original equipment of electrical rolling stock for the Valtellina Railway also 
comprised ten motor cars for passenger traffic. Hach motor car weighs 53 tons, and 
- generally hauls five coaches, the total weight of the train being 150 tons. А drawing 
of one of the motor cars is given in Fig. 808. The trains have two economical running 
speeds, a speed of about 40 miles 
per hour employed for the main 
journey of express passenger 
trains, and a speed of 20 miles 
per hour employed when running 
through stations or up heavy 
inclines. The lower speed is 
also used for local trains. The 
cascade system of control is em- 
ployed for obtaining these two 
speeds. Hach саг has four 
motors, of which two are wound 
for 8,000 volts, and two for the 
lower pressure of 300 volts. Each 
of the four motors weighs 3°8 
metric tons. Hach series pair of 
these motors develops 150 h.-p. 
in cascade connection, i.e., at half- 
speed. At full speed, the high 
tension motors alone are able 
to develop 150 h.-p. at their 
normal speed of 300 revolutions 
per minute. The rated capacity 
of each motor on the оле hour Fig. 304. THREE-PHASE Мотов MOUNTED ON AXLE OF 
75 degrees Cent. basis is 250 h.-p. Y Татти алма MOTOR CARRIAGE. 

They are able to give 150 h.-p. 

during 10 hours without heating more than 45 degrees Cent., and in actual working 

they are also loaded up to 300 h.-p. 

i The motors are gearless, transmitting their power to the spokes of the wheels by 
means of elastic couplings. Figs. 304 and 305 show this coupling, which is intended 
to allow the rotor to run uniformly even when the wheels are subjected to severe con- 
cussions. The rotor laminations are mounted on a hollow shaft, concentric with the 
train axle. The maximum clearance between the two concentric shafts is 14 ins. 
Bogie trucks are used, and their construction may be seen from Fig. 306. 

A feature of the motor construction, to which attention may well be drawn, is that 
the lower part of the stator is flattened off. This allows a larger motor to be used with 
the 46-in. driving wheels than would otherwise have been possible. Іп the control of 
the motor cars, compressed air has been used to a very great extent. An air-pump 
is driven by а 4 h.-p. motor. The pressure in the air-pump is about six metric 
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atmospheres, and is regulated automatically. Provision has been made for hand 
regulation in case of failure of the automatic control. The compressed air is used 
for the following purposes :— 

(1) Switching the primary circuit on and off; | 

(2) Operating the Westinghouse brakes ; 

(3) Raising the trolley ; 

(4) Controlling the liquid starter and the whistle. 

It is stated that the experience on the Valtellina road has shown eleetrie locomo- 
tives to be preferable to motor ears. Both electric locomotives and motor cars are 


Fig. 305. ELASTIC COUPLING BETWEEN WHEEL AND MOTOR OF 
VALTELLINA Мотов CARRIAGE. і 


employed on this road, and the average yearly mileage has amounted to 34,000 miles 
per electric locomotive or motor car, as against a yearly average mileage of only 
17,000 miles per steam locomotive on the entire Adriatic line of which the Valtellina 
line is one section. This advantage of two to one in favour of the electric locomotives and 
motor ears is stated to be largely due to the absence of the steam boilers, the attendance 
and repairs on which are stated to be the chief causes for the large amount of time 
that the steam locomotives are out of service. The higher average speed of the 
electric trains must also have contributed considerably to the higher annual mileage 
per electric locomotive and motor саг, as also the greater ease of manipulation in 
shunting, ete. There is evidently so great an advantage in this respect, that a much 
smaller percentage of spare locomotives should afford equal security of uninterrupted 
maintenance of the traffic with electric than with steam service. 

Incidentally we may mention an advantage of electric locomotives over motor 
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cars. The heating of the motors limits the output of a modern electric equipment on 
continuous service. Obviously, a much higher output can be maintained for a short 


Fig. 306. ONE or THE BOGIE TRUCKS OF A VALTELLINA MOTOR CARRIAGE, WITH 
THREE-PHASE Morors. 


207 


Fig. 307. OERLIKON 15,000 VOLT, 15-ÜYCLE LOCOMOTIVE EQUIPPED WITH 
SINGLE-PHASE Commurator MOTORS. 


time. A locomotive may lay over after some heavy work, its place being taken by a 
fresh locomotive. This would be impracticable with the passenger cars of trains making 


a long journey. 
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Oerlikon 15,000-volt, Fifteen-cycle Locomotive, Equipped with Single-phase Commutator 
Motors. 


In this single-phase locomotive, as in the latest Ganz three-phase locomotives, the 
motors ultimately deliver their power to the driving wheels through cranks and con- 
necting rods, but, unlike the Ganz equipments, the Oerlikon motors also have speed 
reduction gearing. This may be seen from the photograph in Fig. 807, and from the 
drawings in Figs. 308 and 810. The periodicity is 15 cycles per second, and the trolley 
pressure is 15,000 volts. The current is collected at this high pressure by the standard 
Oerlikon collecting device, which may be seen in the above illustrations, and also in 
Figs. 818 to 321, given on pp. 852 to 354, in connection with the description of another 
type of Oerlikon locomotive. The 
current collected at the trolley is 
next carried through two air-cooled 
transformers located at the middle 
of the locomotive. These are of the 
dimensions shown in Fig. 309, and 
serve to reduce the potential from 
15,000 volts to 600 volts. Each has 
a capacity for delivering 200-kilo- 
volt-amperes continuously. Тһе 
secondary winding is divided into 

‘twenty equal sections, there thus 
being 80 volts per section. 

The equipment comprises 
two single-phase commutator 
motors, with a rated capacity of 


reyolutions per minute. ‘The 
motor, which has eight main poles 
and eight auxiliary . reversing 
poles, is illustrated by the Fig. 309. OUTLINE DRAWINGS or 200 KILOVOLT AMPERE 
drawings in Fig. 310, and by AIR BLAST TRANSFORMER OF WHICH TWO ARE 
the photograph in Fig. 311. A INSTALLED ON THE OERLIKON 15,000 VOLT, 15-Сүсги 
di i ан fth 2 LOCOMOTIVE WITH SINGLE-PHASE —COMMUTATOR 
аео t or DEEDS Morors (DIMENSIONS IN MILLIMETERS). 

ciples of operation of this type 


of motor is given in Fig. 312, from D.R.P. No. 80,388. Ав built, however, these 
principles were only partly incorporated. The compensating winding, for instance, 
threaded through apertures in the main poles, is omitted. In Fig. 818 is given the 
connection diagram of the wiring of this locomotive. The curves in Figs. 314 and 315 
are plotted from test results obtained on the motors. At the normal speed of 650 
revolutions per minute, the motor runs at nearly three times its synchronous speed 
for 15 cycles per second. The gear ratio is 1 to 9:1. "The air compressor is driven by 
an additional 6 h.-p. 500 revolutions per minute single-phase commutator motor 
supplied at a pressure-of 240 volts. The compressed air is stored up in two receivers 
at a pressure of from 6:5 to 7:0 atmospheres, and is equipped with automatic control. 
The lighting at 15 cycles is thoroughly satisfactory, owing to the use of 20-volt lamps, 
which therefore have such a stout filament as to remain at practically constant 
incandescence in spite of the low periodicity. 
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The total weight of the locomotive is 43 metric tons. Some of the itemised 
weights are given in Table CY. 


Taste СУ. 


Itemised Weights of Oerlikon 15,000-volt Fifteen-cycle Locomotive, with Single-Phase 
Commutator-Motors. 


Cab and two bogie trucks . А : : ; . 28.5 tons. 
Electrical equipment and brake equipment : “ HG, 
One motor, exclusive of gearing . ^ 5 А 84 ,, 
Speed-regulating switch, complete in tank of oil : Bh ios 


Some runs were made with this locomotive hauling a 200-ton train, and it was 
shown that nat only during starting with this load, but also during running at a speed 
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Fig. 310. 200 н.-р. SINGLE-PHASE COMMUTATOR MOTOR WITH REVERSING POLES as INSTALLED 
ON THE 15,000 VOLT, 15-Ovcrg OERLIKON LOCOMOTIVE. 
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Tig. 311. 200 H.-P. SINGLE-PHASE Соммотатов Motor WITH REVERSING POLES, 
AS INSTALLED ON THE 15,000 Vout, 15-CycLE OERLIKON LOCOMOTIVE. 


Fig. 312. DIAGRAM or PRINCIPLES OF OPERA- 
TION OF 200 H.-P. SINGLE-PHASE INTER- 
POLE Соммгтатов MOTORS oF THE ТҮРЕ 
EMPLOYED ON THE OERLIKON 15,000 VOLTS, 
15-CycLE LOCOMOTIVE. 
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Fig. 313. CONNECTION DIAGRAM or WIRING OF OERLIKON 15,000 Vorr, 15-CvcLE 
LOCOMOTIVE WITH SINGLE-PHASE Соммгтатов MOTORS. 


А = Collecting device. 

В = Overhead trolley wire, 

C = Horn lightuing arrester. 

D = Multiple cap lightning arrester. 
E = Choking coil. 

i irenit closer to single-phase commutator motor. 

7 = 230 k.w. transformer — transforming from 15,000 


0 = Voltmeter for 700 volts. 
P = Low tension main ammeter,” 
Q = 50 ampere ammeter in air pump motor circuit, 
900 ampere ammeter in low tension main circuit. t 
Lamps in compartment containing the apparatus. 
200 h.-p. single-phase commutator motor for 300 
volts, 15 cycles. 


volts primary to 600 volts secondary. U — Single-phase commutator motor for 190 volts for 
H = Potential regulator, driving air pump. қ 
Я = Low tension main switch. У = Air pump. 
K = Induction regulator for + 150 volts and 600 amperes . W = Lamps on the side walls of the locomotive. 
. L = Reversing switch for induction regulator, X = Automatic regulating switch for motor driving 
М = Lamps in motorman’s compartment. air pump. 
N = Heating coil, 


Y = Pneumatic overload circuit breaker, 


p 
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bilium DEL ЭК у те AA 
Fig. 314. CHARACTERISTIC CURVES ок OERLIKON Fig. 315. CHARACTERISTIO Совукв OF OERLIKON 
200 H.-P. SINGLE-PHASE COMMUTATOR MOTOR 200 H.-P. SINGLE-PHASE COMMUTATOR MOTOR 
(CURRENT CONSTANT AT 200 AMPERES), ` (SPEED CONSTANT AT 650 В.Р.М.). 
: м2 с 4 V = Terminal voltage. 
V = Terminal voltage.. . ; > : 
2 3 2 5 : n = Speed in revs. per minute. | 
n = Speed in reys. per minute, : x i 
К cosp = Power fuctor. 
cosp = Power factor. TEP оў 
В ә 7? = Efficiency. - 
7? — Efficiency. Е 
F А = Current in amperes. 
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of about 25 miles per hour on an upgrade of 0-8 per cent., there was по sparking at the 
commutator. 

With the motors in series, the starting current for this load was about 1,000 
amperes in the motors. It was about 780 amperes when running up a grade of 
0:8 per cent. with this load, at a speed of 17 miles per hour, and with 450 volts at the 
motors. 


Oerlikon Motor-generator Type of Single-phase Locomotive with Continuous-current 
Driving Motors. 


Prior to the construction of the above-described single-phase locomotive, with 
single-phase commutator motors, the Oerlikon Co. had been developing a single- 
phase system of traction іп which the locomotive is equipped with a motor-generator 


Fig. 316. OERLIKON HIGH-VOLTAGE SINGLE-PHASE LOCOMOTIVE OF THE MOTOR 
GENERATOR TYPE. 


set comprising a single-phase motor directly connected to a continuous-current gene- 
rator, from which continuous-current motors driving the axles are supplied with power. 
The system is often designated as the Ward-Leonard system. Some years ago 
H. Ward-Leonard clearly promulgated.the proposition to 


“ Vary the voltage as the speed desired, 
k Vary the current as the torque required.” 


A photograph of a single-phase ‘Oerlikon locomotive of this type is shown їп. 
Fig. 816. This locomotive is designed for a continuous output of 400 h.-p. and for a 
Speed of 87 miles per hour. Fig. 317 contains drawings of this locomotive showing 

the outlines of the motor-generator set, located in the body of the locomotive and of 
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the two continuous-current motors, which communicate their power, first through single | 
reduction gearing and then through cranks and connecting rods, to the driving wheels. 


ligh Tension 
Trolley 


c 


x 


Connections of rotor. Generator 
Дре Locomotive 


Fig. 317. Hicu-Vorracr SINGLE-PHASE MOTOR GENERATOR TYPE OERLIKON LOCOMOTIVE. 


Fig. 318. OERLIKON TROLLEY. 


352 


Fig. 319. OERLIKON TROLLEY. 
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Бір. 320. OERLIKON TROLLEY. 
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In types for higher speeds, the reduction gearing is omitted. The current is collected | 
from the overhead wire at any voltage up to 15,000 volts, by the Oerlikon overhead 
trolley, shown in Figs. 818 to 322. For trolley pressures below 6,000 volts, the - 
current is then led to a single-phase motor, generally of the non-synchronous type. 
For pressures of 6,000 volts and upwards, a step-down transformer is carried on the 
locomotive, the stator of the single-phase motor being wound for low potential corre- 
sponding to the secondary winding of the step-down transformer. A secondary 
pressure of 700 volts has generally been employed by the Oerlikon Co. in such 
cases, 

The locomotive illustrated in Figs. 316 and 317 has a weight of 44-1 metric tons 


Fig. 321. OERLIKON TROLLEY. 


when the single-phase motor is wound for the full line potential. Of this weight the 
electrical equipment constitutes 25:1 metric tons. When a transformer is employed 
in order to step down from 15,000 volts to 6,000 volts, the weight of the electrical 
equipment is increased to 27-7 metric tons, and the complete weight of the locomotive 
is then 46:7 metric tons. 


Siemens & Halske High Speed 10,000-volt Three-Phase Locomotive. 


It will be convenient at this point to digress from the question of geared versus 
gearless motors in order to describe another notable instance of an extra-high voltage 
‚ locomotive. In order to operate the driving motors direct from the extra-high voltage 


354 


LOCOMOTIVES AND MOTOR CARRIAGES 


trolley line and to thus save the weight and expense of step-down transformers, it 
becomes inexpedient to locate the motors under the trucks of motor cars. It is 
distinctly advantageous in such cases to 
mount the motors on a locomotive and 
to keep all electric circuits away from 
the remainder of the train. In Figs. 
323 and 324 is illustrated a Siemens 
& Halske high speed locomotive equipped 
_ with four 250 h.-p. three-phase induction 
motors wound direct for 10,000 volts. 
While the drawings show four motors, 
two on each truck, only two motors 
appear to have been actually built, and 
the tests were run with but these 
two motors. 

The locomotive, which, with its 
equipment of two motors, weighs 40 
metric tons, has hauled a carriage of 
31 tons weight on the level at a speed 
of 65 miles per hour. Winding the 
motors direct for 10,000 volts, while it 
makes the motors large and heavy for 
their output, nevertheless considerably 
reduces the weight of the electrical equip- 
ment below that of an equipment with 
step-down transformers and low-voltage Fig. 322. OERLIKON OVERHEAD HIGH 
motors. TENSION SWITCH. 

The locomotive is equipped with 
two 10,000-volt, three-phase, six-pole induction motors. For a line periodicity of 
45 cycles: рег second, the corresponding synchronous speed of the motors is 900 
revolutions per minute. Other data are. given below :— 


Driving wheel diameter — 49 ins. 
Number of teeth in gear — 147. 

5 о. Pion) ==б9. 
Gear ratio = 2713: 1. 


From this we find that the corresponding speed of the locomotive is 66 miles per 
hour. There is, of course, a slip varying with the load. In the motor in question, 
this involves a loss of speed of 11 per cent. when the output per motor is at the 
maximum 45-cycle 10,000-volt value of 400 h.-p. The predetermined characteristic 
curves of the motor corresponding to 10,000 terminal volts and a periodicity of 45 
cycles per second are given in Fig. 825. From these curves we find that the slip at 
350 h.-p. output per motor is 


900 — 845 
900 


Drawings of the motor are given in Figs. 826, 827, and 328. A photograph of 
the wound stator is shown in Fig. 929, and a photograph of the motor assembled com- 
plete, with gears and gear cases, in Fig. 330. Gears are employed at both ends of each 
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motor, owing to the large amount of power transmitted and to the high speed of the 
gear teeth. Аба locomotive speed of 65 miles per hour, the speed at the pitch line of 
the gear teeth is 23 miles per hour. The diameter at the gear pitch line is 84:5 ins. 
This high speed requires special provision for lubrication. The means adopted 
consists in throwing the oil in several jets between the teeth at the entering side by 
the use of a low air pressure. 

The motor has a gap diameter of 26:8 ins., and a gross ‘core length of 11:8 ins. 
The internal dimensions of the bearings are 12 ins. length by 4 ins. diameter. These 


Fig. 393. SIEMENS AND HALSKE Hier SPEED LOCOMOTIVE, WITH 10,000-vour THREE-PHASE 


Morors. 


liberal proportions permit of employing a clearance at the air gap of only 0:07 ins. 
between rotor and stator. The bearings are of bronze, lined with white metal, and the 
lubrication is by means of oil and wicks. 

The Y-connected 10,000-volt winding is placed on the stator, as shown in Fig. 399, 
and consists of 86 form-wound coils of 67 turns per coil, assembled in 72 slots. "There 
are thus 4 stator slots per pole per phase. Тһе slot insulation consists of tubes of 
mica. Great reticence is for some reason observed with regard to the thickness of 
the slot insulation of these motors. This winding is stated to have withstood an 
insulation test of 22,000 volts from copper to iron. 

The rotor winding is a Y-connected wave winding consisting of 4 bars per slot in 
90 half-closed slots. There are thus 5 slots per pole per phase. Two of the terminals 
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ща of the rotor winding are carried to Ше two collector rings shown in Fig. 326, and Ше 

Í remaining terminal is grounded to the core of the rotor. At starting, the pressure in 

a the rotor winding is 700 volts between terminals. The rotor end connections are 
| secured against centrifugal force by bronze caps, as shown in Fig. 326. 

| Each motor weighs 4:1 metric tons. 

Fig. 331 gives a diagram of the electrical connections which were employed. At 

starting, and for speed regulation, rheostats are employed in series with the rotor 

! windings. These rheostats are of the metallie type, and are subdivided into 24 steps. 

| Exclusive of electrical equipment, the weight of the locomotive is 24 metric tons. 


Fig. 324. SIEMENS AND HALSKE HIGH SPEED LOCOMOTIVE, WITH 10,000-уотт THREE-PHASE Morors. 


The total weight of the electrical equipment amounts to 16 metric tons. This gives a 
· total weight of 40 metric tons for the locomotive equipped with two motors and 
accessories. Had it been equipped with its full complement of four 4°1-ton motors 
instead of with only two such motors, the weight, with a reasonable allowance for 
increased weight of auxiliary electrical gear, would have been increased to about 


58 tons, or say 
: Non-electrical equipment = 24 metric tons. 


Electrical T 3250 » 


The weight of the electrical equipment would thus have constituted some 54 per cent. 


of the total weight of the locomotive. 
The published reports of the tests on this locomotive are disappointingly vague. 
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They consist in stating that from June 17th to 26th, 1902, the voltage and periodicity 
were increased in successive tests, beginning with some 25 cycles and 6,000 volts, and 
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Fig. 325. CHARACTERISTIC CURVES OF 10,000-уотт MOTORS OF THE 
SIEMENS AND HALSKE LOCOMOTIVE. 


ET] 


runs were made at speeds of from 34 to 62 miles per hour. The last test was made 
р June 26th, 1902, with 11,000 volts 
and a periodicity of 49-5 cycles per 
second, when a railway carriage of 
31 tons weight was hauled. А 
maximum speed of 65 miles per 
hour was attained. It is stated 
that it was found that the gearing 
still ran fairly quietly, and that 
the motors operated fairly satis- 
faetorily. It is stated that the ~ 
locomotive and trailer both ran | 
smoothly. The energy consump- 
tion was about 260 kilowatts. 
This corresponds to an output | 
of about 280 h.-p. at the rims | 
Fig. 326. SIEMENS AND HALSKE 10,000-vorr of the driving wheels. The loco- | 
THREE-PHAsE MOTOR. motive was found to be able to 
start from rest when hauling a 
load of some 90 tons, making, with its own weight, a train weight of 130 tons. 
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Y The chief object of the tests was to demonstrate the practicability of employing 
polyphase motors wound directly for 10,000-volts pressure. It is, however, highly 


Fig. 327. SIEMENS AND HALSKE 10,000-уогт THREE-PHASE MOTOR. 


improbable that the use of 10,000-volt trolley lines will become necessary even in 
extensive railway projects. The heaviest work can be very satisfactorily and 
economically carried out with from 3,000 to 6,000 volts at the trolley. Nor is it at 
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Fig. 328. SIEMENS AND HALSKE 10,000-уогт THREE-PHASE MOTOR 
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all improbable that high trolley voltage will be combined with the use of continuous 
current motors. The practicability of 


such a plan has been maintained by ` 
various authorities. In 1904, one of the 


writers worked out such a scheme in 
order to make a comparison with a high 
voltage single-phase scheme.! The result 
was distinctly in favour of the high 
voltage continuous-current system. 

At that time the proposition met 
with no encouragement. High voltage 
continuous current for traction is, how- 
ever, now advocated by F. J. Sprague,? 
who has expressed himself as follows :— 

“Оп the general subject of alter- 
nating current and continuous-current 
operation, I beg to add a word. Affecting, 
as it vitally does, conductor capacity and 
Fig. 329. STATOR оғ 10,000-уотл SIEMENS AND SUb-station distances, it is unfortunate 

HALSKE Тнввв-Рнаве MOTOR. that Mr. Scott should make a statement 

to the effect that 500 volts had become 

the standard, and, by inference, must necessarily be the limit for continuous-current 
operation, for although the New York Central’s rail supply will be at 650 volts, its 
continuous-current motors are guaranteed for 750, the Berlin Elevated and the 
Zweisimmen-Montreux roads are : 
built for 800 to 850; reliable com- i гита 3 7 S ағ 
panies in Europe are supplying 
continuous-current motors wound 
for 1,000 volts, and it may be 
safely assumed that, in spite of 
apparent difficulties, turbine opera- 
tion of comparatively high voltage 
continuous-current dynamos .is 
not an impossibility.” 

Two months later in a letter 
to the Street Railway Journal,’ 
Sprague again takes this matter 


up, and concludes his communi- : 
cation as follows :— Fig. 330. SIEMENS AND HALSKE 10,000-vorT 


| TuREE-PHAsE MOTOR. 
“ То that end I beg, therefore, 
to announce that if in any case, after considering the various kinds of equipment 


SIEMENS & HACSKE 


1 “The Continuous-current System and the Single-phase System for Traction,” H. M. Hobart, 
Electrical Review, Vol. LIV., pp. 693—695, April 29th, 1904, and pp. 765—767, May 6th, 1904. See 
also “Interurban Electric Traction Systems: Alternating versus Direct Current," P. М. Lincoln, 


Electrical World and Engineer, Vol. XLII., pp. 951—955, December 12th, 1903 ; discussion re above 


articles, Electrical Review, Vol. LIV., рр. 1031—1033, June 24th, 1904. 


? “An Unprecedented Railway Situation," Street Railway Journal, Vol. XXVI., pp. 775, 776, 
October 21st, 1905. 


3 P. 1089, December 23rd, 1905. 
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_ possible, it should seem from an analysis of all elements entering into the problem 
that a comparatively high potential continuous-current equipment would produce the 


| Fig. 331. DIAGRAM оғ ELECTRICAL CONNECTIONS OF SIEMENS 
я AND HALSKE 10,000-vorr THREE-PHASE LOCOMOTIVE. 


best net results, I am prepared to engineer and carry to a successful conclusion a 
continuous-current installation at a working pressure, even on a third rail, of not 
` less than 1,500 volts, which is at least two and a-half times that ordinarily used. 


“мш 


Fig. 333. SIEMENS AND HALSKE HIGH SPEED ZossEN MOTOR Cam. 
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“TI believe that it may be admitted that, although I have oftentimes taken a some- - 
what radical and advanced position in electricrailway matters, I have never made a public 
proposal which I have not been ready, when called upon, to carry out, and should - 
conditions arise warranting an equipment such ав is proposed, I propose to establish a. | 
new and necessary comparative standard in equipment possibilities; and I venture 
further to affirm that 1,500 volts is not the limit of practical continuous-current 
operation,” 

In view of this, and of support from other quarters, it is evident that the subject 
of higher voltage for continuous-current traction will now be taken up with more 
enterprise than has heretofore been displayed by electrical manufacturers, and the 
advocates of single-phase traction will no longer be able to confine their comparisons 
to high tension alternating current voltages on the one hand and 500-volt continuous- 
current third rail voltages on the other. 


S. € Н. and A.E.G. High Speed Zossen Motor Cars. 


In the principal tests carried out at Zossen in 1908, two motor cars were used. 
These two cars were built respectively by the firms of Siemens & Halske and the 


Fig. 334. A.E.G. Hien SPEED MOTOR Cam. 


Allgemeine Elektricitats Gesellschaft. Тһе former is illustrated in Figs. 882 and 
333, and the latter in Figs. 884 and 885. In each case Ше equipment consisted of 
four gearless three-phase motors of a normal rating of 250 h.-p. per motor, and a 
maximum output of 750 h.-p. per motor. These motors were supplied from the 
secondaries of step-down transformers carried оп the саг. The primary current during | 
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the extra high speed tests was of ® periodicity of 50 cycles per second at a pressure of 
10,000 volts. Тһе В. & Н. car had a complete weight of 77 metric tons, and 


ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT HIGH SPEED MOTOR Cam USED IN BERLIN ZossEN TRIALS. 


Fig. 335. 


employed a secondary pressure of 1,150 volts at the slip rings of the rotors which 
carried the motor’s primary winding. The A.E.G. car weighed 90 metric tons, and 
262 
20 
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employed a secondary pressure of 485 volts at the terminals of the motor’: 
primary windings, which, in their design, were located on the stator. The 
5. & Н. motors weighed 8-2 metric tons each, and the A.E.G. motors weighec 
41 metric tons each. The driving wheels of both cars were of 49-2 ins. (1,250 mm. 
diameter. j 

Considerable confusion exists as regards the weight of these cars. Ак 
originally constructed the Siemens and Halske car weighed some 77 tous, to 
judge from statements appended to a number of the test curves. To the А.Е.б. 
car a weight of some 90 tons is ascribed in most instances. The tests extended over 
several years (1901 to 1908), and in consequence of structural modifications made: 


Fig. 336. S. & Н. MOTOR ков HIGH SPEED ZossEN MOTOR OAR. 


during this period, the weights of both cars are generally quoted as some 93 tons 
during the latest tests. This increased weight may, however, be partly ascribed to | 
the weight of the personal and to the artificial load, these factors being different on - 
different occasions. 

The 6. & H. motors were mounted rigidly upon the driving axles, as shown in 
Fig. 386, while the A.E.G. motors were mounted on a hollow shaft and were spring 
supported from the driving wheels, as may be seen from the drawing in Fig. 837. 
Fig. 338 is a photograph of the spring supporting gear. .-4 

Fig. 889 shows a photograph of the S. & Н. rotor rigidly mounted on the shaft, 
and carrying the primary winding, and Fig. 840 shows a photograph of the A.E.G, 
rotor mounted on a hollow shaft and carrying the secondary winding. Fig. 841 shows 
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Fig. 337. A.E.G. MOTOR ror HIGH SPEED ZosseN MOTOR Car. 


Fig. 338. SPRING SUPPORTING GEAR FOR A.E.G. MOTOR. 


Fig. 339. Ботов or Мотов or S. & H. Иоззвх MOTOR OAR. 
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Fig. 340. Котов or Мотов or A.E.G. ZossEN 
Moror Car. 


Fig. 341. Котов or MOTOR or A.E.G. ZossEN Car IN PLACE ON AXLE. 


Fig. 342. STATOR CORE AND SECONDARY WINDING 
or MOTOR or S. & Н. Zossen MOTOR OAR. 
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a photograph of the latter rotor in place on the axle. Неге again the method of 
spring support from the driving wheels may be seen. A photograph of the 8. & Н. 


Fig. 343. ASSEMBLED MOTOR or A.E.G. HIGH SPEED ZossEN MOTOR Car. 


stator core and secondary winding is shown in Fig. 349. Ап assembled A.E.G. motor 
ің shown in the photograph in Fig. 848. 


ROLLING STOCK FOR MONO-RAIL TRACTION SYSTEMS. 


The writers are of opinion that, so far as there is any future for mono-rail traction, 
somewhat better prospect of success rests with systems designed for underslung 
rolling stock. Тһе Langen mono-rail system falls under this heading, and has already 
undergone a certain amount of practical development. In the space at our disposal 
it will be necessary to forego any complete description of this very interesting system. 


анааан 


Fig. 344. METHOD or SUSPENDING CARRIAGE or LANGEN MONO-RAIL SYSTEM. 
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y of traversing fairl: 
automatically in virtu 


The chief advantage of the system consists in the possibilit 
The cars take the due inclination 


sharp curves at high speed. 
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of the centrifugal force. As the passengers are subject to the same force, they do not 
experience any disturbance. Indeed, it is claimed that they are not able to ascertain 
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Fig. 347. 


whether the car is running on a curve or on a straight line unless they look out 
through the windows. i 
E.R.E. 369 BB 
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Fig. 844 shows drawings of the suspension of a carriage. The suspension is | 
designed to prevent the carriage from leaving the rail under any circumstance. 


0 E ERIE 
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DESIGNS OF LANGEN MONO-RAIL SYSTEM OVER A RIVER. 
DESIGNS OF LANGEN MONO-RAIL SYSTEM OVER A STREET. 


348. 


Fig. 349. 


"Ho 


Fig. 345 gives the transverse and longitudinal sections of the carriages working at 
Elberfeld, and Fig. 346 shows one of the terminal stations. | 
The principal data of these carriages are given in Table СУТ. 
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TABLE CVI. 


Principal Data of a Carriage of the Langen Mono-rail System. 


Length between buffers . 

Width . | + 

Distance between Ay pales СЕ the КОО 

Distance between the wheels of a bogie . : 
Weight of a completely equipped ear with all Sut occupied. 
Seating capacity . 5 с : c 


39 ft. 5 in. 
7 ft. 4 in. 
22 ft. 6 in. 
3 ft. 9 in. 
16 tons 
48 passengers 


Fig. 350. SUPPORTING STRUCTURE FOR THE BERLIN PROJECT FOR A 
LANGEN MONO-RAIL System (SCALE, 1: 50). 
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The carriages at Elberfeld are each equipped with two continuous-current 600-volt - 


motors with a capacity of 35 h.-p. each. It is, however, only during acceleration that 


the motors are required to develop their rated load; at an average speed of 24 miles - 


per hour the required power amounts to 28 h.-p. for each motor. 


The ears which were proposed for а projected railway for Berlin, as shown’ in | 


Fig. 847, were designed for a capacity of 85 passengers each, and for a maximum 
speed of 34 miles per hour. For this project, the schedule speed works out at about 
185 miles per hour, and the average distance between stops is about half a mile. The 
loaded weight per car was estimated as 24 tons, and each was to be equipped with two 
motors of a maximum capacity of 100 h.-p. per motor. 

The rails are carried by a framework resting on iron supports of suitable form, 
which is, of course, varied in accordance with the construction of the line, as regards 
crossing over existing railways, tramways or rivers or public roads, or whether it must 
pass into a brick tunnel or an iron tube. 7 - 

The framework of the railway is so constructed as to involve a minimum of 
obstruction of light for the streets. The cars operate very smoothly and quietly. 

Fig. 848 and Fig. 349 show the sections of the railway as projected to pass over a 
river and over a street. Both forms were employed оп the Barmen-Elberfeld- 
Vohwinkel Railway, and have stood the test of practical use very satisfactorily. The 
projected railway for Berlin was to be made as far as practicable on the lines of a quite 
different design, as shown in Fig. 850. On this plan, two beams with a sway-bracing 
between them are substituted for the framework. 

The station platforms are usually only about 16 feet above ground level, and lifts 
are therefore not necessary. 

It is stated that on curves of not less than 250 feet radius, the resistance does not 
exceed that on straight lines, and that as a consequence the power required for 
maintaining a given schedule speed is considerably lower than on other railways. It 
is also stated that sharp curves may be traversed at a speed more than twice as high 
as with standard railways. 


A STUDY OF THE RELATIVE WEIGHTS AND COSTS OF GEARLESS 
AND GEARED EQUIPMENTS. 


The question of gearless versus geared motors involves a consideration of the 
relative weights and costs of the two equipments, aside from the weight and cost of the 
remainder of the locomotives. It also involves questions of design, diameter of driving 
wheels, ete., owing to the limitations of space available for the motors.! In fact, the 
choice of ratio of gearing is restricted to fairly narrow limits by these and other 
considerations which we propose to now set forth. . 

Let us first study the relation of the weight of an electric railway motor to its 
rated speed and rated capacity. In an article entitled “ Heavy Electric Railroading ” 


1 For passenger railway carriages with motors on trucks, the diameter of the driving wheel is 
necessarily small (generally 33 ins.) ; but in the case of locomotives the diameter of the driving wheel 
should be determined upon with especial care, and one of the determining factors should be the 
limitations of space available for the motors. 
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on p. 860 of the Electrical World and Engineer for November 18th, 1905, Valatin 
has given interesting data, from which, together with data from other sources, we have 
deduced the following results. 

The “weight coefficient " may be defined as follows :— 
Rated horse-power (1-hour 75 degrees Cent. basis) 
{ in metric tons (exclusive of gearing) X speed in r.p.m. 


Weight coefficient = VERA 
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Speed of Motor in Revs. per Min. 


Fig. 351. CURVES SHOWING VARIATION OF WEIGHT COEFFICIENT oF RAILWAY MOTORS, 
WITH SPEED IN REVOLUTIONS PER MINUTE. 


Then for continuous-current railway motors of from 500 to 1,000 volts we have the 
rough representative values for the weight co-efficient shown in Table СУП. 
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Taste СУП. 


Weight Coeficients of Continuous Current Railway Motors. 


Weight Coeffici Horse-power d У ы ds 
БКО in eight Coefficient Metric Tons x R.P.M. 10: Following Rated Speeds :— 
Horse-power. — > 
200 В.Р.М. 400 В.Р.М. 600 В.Р.М. 800 R.P.M. 
75 0:16 0:11 0:080 0:065 
150 0:21 0:15 0:11 0:085 
800 0:27 0:20 0:15 0:12 


The values have been plotted in Fig. 351, which gives eu 
between speed and weight coefficient for motors rated at 75, 1 


This gives us for the total weight of motors, exclusive of gearing, the valuesshown | 


in Table СУШ. 
Taste CVIII. 


rves showing the relation 
50, and 800 h.-p. 


Total Weights of Continuous Current Railway Motors, exclusive of Gearing. 


Rated Output in Following Rated Speeds :— 


Total Weight of Motor (exclusive of Gearing) in Metric Tons for 


Horse-power, ша == 
200 В.Р.М. 400 В.Р:М. 600 В.Р.М. 800 В.Р.М. 
75 208 ДЕТИ! 1:56 1:44 
150 9:6 25 2°3 2:0 
300 5:6 8:8 8:8 8:1 
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Total weight of Motor in Metric Tons 


R50 500 


Speed of Motor in Revs per Min 


. 352. CURVES SHOWING VARIATION OF THE TOTAL WEIGHT OF 
SPEED AND REVOLUTIONS PER MINUTE. 


374 


RAILWAY MOTORS, WITH 


«414» 


ee fe Nees =” 


POLY PNAS’ nouis. 


АИИ" Да ACRES SVU е 


LOCOMOTIVES AND MOTOR CARRIAGES 


These values have been plotted in Fig? 352, giving curves showing the relation 
` between speed and weight for motors of 75, 150, and 300 h.-p. 
Single-phase commutator railway motors will weigh considerably more than the 
above values, and three-phase railway motors may weigh considerably less. 
Valatin’s data constitute a valuable source of reference, and are therefore 
reproduced in Table CIX., by permission : 


Taste CIX. 
Valatiws Data for Railway Motors. 


GA А Weight in ja; | 
E 2 Те £ 50 Metric Tons. 5. с 
= | Name of Машийс- Name ofthe Line | 5 cá & |89 я 3 Igo = 
4 | turer and Type of where Motor was E E Е > = = al ae, 2 
8 Motor. used, 2 ті © = 2 = 5 SS ее E 
E 5 = > = 8 © Ф ЗЕ ен Е 
28 щ 8 Sa & 5 28 25 Е 
E 2 ‘a % Zo Ер 4| un 
ж Ф = m ہے کټ‎ 
[n E 
(2 | ч. Да Gesell.— = 50 580 = — | Geared - - 1:35| 0:064 
«С.Ю. 57" 
2 | Westinghouse “56” = 55 475 — — | Geared — |1360| 1:22) 0:095 
| 3 | Siemens & Halske, | Berlin Elev.andSubway, 60 800 750 — | Geared 14 | 1575 | 140! 0:054 
D. 17/20 
4 | Westinghouse “56” = 75 490 — Geared — |1'940| 1:80! 0:085 
5 | Siemens & Halske, = 85 720 750 — | Geared — |1°750} 1551 0-076 
19/30 
| 6 | General Electric Co.| O.L. Ry. motor саг, | 100 475 500 — | Geared 1:27 | = 1:82 | 0-116 
first type 
Т | Westinghouse “56” — 150 550 — — | Geared — |2400) 2:25 | 0'121 
8 | Oerlikon. . |Freiburg-Musten Line 150 400 750 — | Geared 14 |3`050 | 2°70} 0:139 
motor car 
9 Gen. Elec, Co., | O.L. Ry., geared loco. . | 150 500 500 — | Geared 3:81 = 9:46 | 0:122 
* G.E. 55А” 
10 | Gen. Elec. Co., | O.L. Ry., gearless loco. | 170 165 500 — | Direct — — 5:42| 0:190 
“О.Е. 56” 
11 Siemens & Halske, = 210 520 25 — | Direct - — | 4101 07098 
D. 25/50 
|12 | General Electric Со.) N.Y.C.and H.R.R.loco.| 550 300 600 — | Direct = == 5:0 0:367 
(19 | Oerlikon 222. | Experimental motor 35 1000 200 25 | Geared - — | 1001 0095 | Street Ry. Jour., 
1905, IV., 8. 
14 | A.E.G. Union, W.E.| Stubaithal motor car 40 800 550 40 | Geared E507 == 1:39 0:036 | Elek. Bah. u. Bet., 
81 1905, р. 297. 
15 | Сеп. Elec. Со., | Schenectady Ballston 50 — 200 25 | Geared 1:3°74| — - = 
G.E.A. 604 Line 
16 | Сеп. Elec. Co., | Bloomington, Pontiac, 75 700 200 25 | Geared Е == 19 | 0°056 | Street Ry. Jour., 
G.E. A. 605 and Joliet Line f. 1905. 
17 | Siemens-Schuckert | Murhau-Oberammergau | 100 530 270 16 | Geared 1:5 ят = Elek. Bah. и. Bet., 
1905, p. 388. 
18 | A. E.G. Union Spindlersfeld Railway . 100-120 800 6000 25 | Geared — | 2360} 210 le 
07 
19 | Westinghouse Swedish Govt. loco. 150 1270 200 25 | Geared 1:8:88| = 2:50 | 0'047 
20 | Oerlikon. Proposed loco. 200 |650-1000| -- 15 | Geared == 300} 0'103- | Street Ву. Jour., 
0:066 | 1905, IV., 8. 
(21 | Westinghouse Experimental loco. 225 300 |140-325| — | Geared ӘЛ -- = = Street Ry. Jowr. 
| 22 | Brown-Boveri Burgdorf-Thun mot, car} 60 600 750 40 | Geared 1:3 — |21550) 0°066 | Siegfried Herzog 
die Elek. Anla- 
gen der Schweiz. 
25 | Brown-Boveri Burgdorf-Thun loco, .| 150 300 750 40 | Geared ПЕ — 4-00 | 0:125 
24 | Brown-Boveri *. | Jungfrau loco. „| 220) 750 i 50 88 | Geared -- -- 2:10 Н 
95 | Siemens & Halske . | Marienfeld - Zossen | | 250 n. 150- 2 i = e -9\ 2 
| я High Speed Railway || 150 m. [900 | 1850 | 45°50 | Direct go 0240 
26 | A.E.G. Marienfeld - Zossen {| 250 n. nm = w " n 
| High Speed Railway { 750m. } 96р 20 AD meet Е 05 0:192 
27 | Ganz Со. Wollersdorfer loco, 75 600 3000 49 | Geared 1:6 |1440| 1:07 0:118 
28 | Ganz & Co. Canada motor car 120 750 1100 25 | Geared ШЕРДІ == 175 | 0:091 
29 | Ganz & Co. Port Madoc loco. 180 750 600 50 | Geared | 1:8 — 1611 0:149 
and driv. 
coup. rod 
30 | Ganz & Со. Valtellina old loco. 225 128 3000 15 | Direct 4:90 | 0:358 
31 | Ganz & Co. Valtellina motor car 250 300 3000 15 | Direct - - 3:80 | 0:219 
32 | Ganz & Co. Proposed loco. Inter-| 400 168 2000 14 | Coup. rod 6:95 | 0343 
urban 
38 | Ganz & Co. Proposed motor саг | 350 990 3000 30 | Geared 1:3:1 | 2800 | 255) 0:152 
Iuterurban 1 " 3 
34 | Ganz & Со. Proposed loco. .| 600 995 8000 15 | Пігесі-соп. | — — | 6701 0398 
35 | Ganz & Со. New Valtellina 1ос0.| 600 225 3000 15 | Coup. rod - — 815 | 0:327 
. without cascade motor | 
36 | Ganz & Co. New  Valtellina loco.| 450 | 1125 3000 15 | Coup. rod — — |1240| 2 
with cascade motor 
(87 | Ganz & Co. Italian State Railways . | 1500 225 - — — | — (ТЕО 0:61 
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One may, for rough preliminary estimates, take the weight, including gear and | 
gear case, at a 15 per cent. higher value than the weights in Table CVIII., although the 
precise percentage is, of course, a function of the power to be transmitted, the ratio of - 
gearing, and the design of the gear and gear case. 

Taking for the present, the weight without ge 


ar and gear case and confining our 
attention to continuous-current railway motors, we 


may transfer our ideas from weight 
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Fig. 353. CURVE SHOWING RELATION oF WEIGHT оғ MOTOR гу METRIC Tons 
TO D?Ag оғ ARMATURE FOR ÜONTINUOUS CURRENT RAILWAY MOTORS. 


to volume by a consideration of the curve in Fig. 353. 
sufficiently to good modern 
limiting quantities. 

Dé= diameter of armature at air gap in centimetres. 

Ag = gross length of armature core between end flanges in centimetres. 

By means of this curve we may obtain the values set forth in Table СХ. 


This curve conforms 
practice to serve our purpose of arriving at the approximate 


TABLE CX. 
Values of D*dg for Continuous-current Railway Motors. 


D2Ag of Continuous-eurrent Railway Motors for Following Rated 
Speeds in R.P.M. at Rated Loads. 
Rated Output in D8 and Ag are expressed in Centimetres. 
Horse-power, ва = 
200 В.Р.М. 400 R.P. M. | 600 В.Р.М. | 800 R.P.M. 
75 91,000 61,000 51,000 50,000 
150 145,000 100,000 90,000 85,000 
300 235,000 | 158,000 135,000 | 123,000 


The armature diameter for sin 
to from 85 per cent. to 65 per 
may take 50 per cent. 


gle reduction geared motors will generally be equal 
cent. of the diameter of the driving wheels. We 
ав a mean value for the purpose of arriving at general 
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conclusions. This value will also be fairly representative for gearless motors. For given 
diameters of driving wheels, and for motors of given weight, we can therefore deduce 


the value of Ag, the gross core length. 
Table CXI. 
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Gross Core length in Inches 
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Fig. 354. CURVES SHOWING VALUES or GROSS CORE LENGTH OF 
ARMATURE FOR VARIOUS WEIGHTS OF Мотовв AND DIAMETERS OF 
DRIVING WHEELS. (See Table OXI.) 


‚ and in the curves of Fig. 854, it is plotted in inches. 


TABLE СХТ. 


The gross core length is shown in centimetres in 


Gross Length of Core in Centimetres (ag) of Motors of various Weights, for Drwing 
Wheels of various Diameters, taking Р. = 0:5 x Diameter of Driving Wheel. 


Ба Е Diameter of Driving Wheel in Inches. 

ES. pag. 

355 т 

ges 30. 32. 34. 36. 38. 40. 42, 44. | 46. 48. | 50. 55, 60. 70. 80. 
1:44 50,000 | 84-5 | 80:8 |26:9 94 |915 19:4 17-6 |160 |146 13-5 194 1021 861 6:32) 4:85 
1:56 50,600 24-9 | 80-7 | 27-2 | 24:2 | 21-7 | 19-6 |17:8 | 16-2 148 18-6 126 108 87 | 640| 491 
1:71 | 60,300 | 21-6 | 36-6 | 32-5 98-9 25-9 |98:4 | 91-9 | 19:8 | 17-7 16-8 | 14-9 | 12:8 | 10-4 | 7-63) 5-85 
2:2 | 85,500 58-6 DID 457 207 36-5 | 33-0 29-9 | 27-2 | 24-9 92:9 |9111 17-4 | 146 |107 | 8:25 
2:3. | 90,300 | 69.8 | 54-7 | 48:6 | 48-3 555 35:0 8181989 | 26-4 248 92-4 | 18:4 155 114 | 875 
2:5 | 100,000 60:6 | 53-8 | 48-0 | 48-0 BET 85:2 | 82-0 29:8 | 26-9 | 24:8 204 172 |196 | 9-7 
81 | 129,500 58:7 | 59-6 47:5 4871 3902858 88-0 | 80-4 25:0 211 |155 |119 
9'8 | 135,000 58-0 59:8 47-5 482 995 86-4 88-4 | 27:6 | 282 |171 |191 
9'6 | 145,000 63:4 | 56:1 | 51-0 | 46-5 | 42-5 391 | 36-0 | 29-6 249 |184 |141 
8:8 | 157,000 60:8 | 55°3 | 50-8 | 46-0 | 49-8 8691821 210 |199 |152 
5:6 | 935,000 | 68-8 | 58-2 |150 405 |997 |998 


| Armature Gross Core Length (Ag), in centimetres. 


Values below the heavy black lines refer to gearless motors only. 
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As a very rough guide, but as one which will enable us to arrive at certain 
approximate conceptions, let us take the length of the motor over its frame as equal, for 
gearless motors, to twice the gross core length, and as equal to three times the gross ` 
core length for geared motors, as the latter require independent bearings. These | 
figures have been chosen after examining the dimensions of a number of traction 
motors. For gearless motors the ratio is generally near 2, and for geared motors it 
varies from 3 to 4:5. The larger figures are, however, for standard motors of several 
years ago, the most modern designs making the length over frame more nearly 3 
for geared motors. Hence we have chosen the latter figure as a basis for comparison. 
The length over frame does not include the gearing, which latter generally occupies 
some 5 to 8 ins. axially. 

Confining our attention to the standard gauge of 4 ft. 84 ins., it will not be 
practicable to allow more than 50 ins. of overall width of motor frame for gearless 
motors, or more than, say, 48 ins. for geared motors. Іп the latter case, the remaining 
Space is occupied by the speed reduction gearing. The maximum gross core length 


of a gearless motor which can be got in, is thus > = 25 ins., and for geared 
motors = - 14 шв. The heavy line in Table CXI. indicates the limit for geared 


motors, all core lengths above this line being less than 14 ins., and no core 
length is included which is greater than 25 ins., the limit for gearless motors. 
The precise value of all such limitations is a matter of detail designing, whereas 
our present object is to arrive at a broad view of the general nature of the 
limitations. 

We are now able to construct Table СХП. and Fig. 855, which show us for any 
given weight of gearless motor the minimum practicable diameter of driving wheel, 
and, in a similar way, Table СХШ. and Fig. 356 for geared motors. 


TABLE CXII. 


Overall Length of Frame, in Inches, of Gearless Motors of various Weights for 
Driving Wheels of various Diameters. 


BE Е Diameter of Driving Wheel in Inches. 
ES. D2Ag. 
338 
653 30; | 32. || 94. | ав. | 38: || 40: рамо: adel 46, | ав TUB 55. 60. то. 80. 

| 3 á 
1:44| 50,000|27-9|23:9 919 18:9 16:9 | 15:83 | 18:7 12:6 11:5 106 9:76| 8:08| 678) 4981 8:82 |3 
1:56| 50,600 | 97-5 94-2 | 21-4 | 19:1 |17:1 15:4 | 14:0 12:7 |1156 1071 988| 811) 685| 5:04| 3:87 |£ 
1:71| 60,300 | 82-8 | 28:8 | 25:6 98:7 90-4. | 18:4 |167 15:2 | 18:9 | 12°8 | 11-7 9:70| 820 6:01} 4:60 8 
2:9 85,500 | 46:1 40% | 86:0 | 32:1 | 287 | 26-0 28:5 | 21:4 196 180 166 18:8 | 11:5 8:42| 6:50 | Е 
2:8 90,300 | 49:0| 48-1 | 88°3 8577 806 27:5 95:0 29-7 908 19-1 1761 11455 MEZ 8:97 | 6:90 5 
2:5 | 100,000 47-1 | 42-4 | 37-8 | 88-9 | 80°5 | 97-7 | 25:2 | 23-1 | 21-2 | 19:5 |161 185 9:9 "64 8 
81 | 122,500 46-2 | 41°4 | 37:4 | 84:0 |80:8 28:2 | 26-0 | 28:9 |197 166 | 12-2 9:86 3 
88 | 185,000 45-6 |41:2 | 87-4 | 34:0 811 | 28-6 |968 | 21°7 188 |185 |10:8 E; 
86 | 145,000 49°8 | 44°1 401 | 36°6 | 88*4 80-8 | 28-8 |998 |196 |145 |111 я 
8.8 | 157,000 4779 | 43°6 |896 |862 | 88:8 806 |958 1218 |157 |19:0 f 
5'6 | 235,000 |49:8 | 45:8 |83°9 819 |98:4 |18:0 ) 2 


| 
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Таври CXII. 


Overall Length of Frame, in Inches, of Geared Motors of various Weights jor 
Driving Wheels of various Diameters. 


= 5 | Diameter uf Driving Wheel in Inches. 

Soe 

$5. Dg. 

ЗЕ РЕ = 
S92 30 32 34 36 38 40 42. 44 46 48. | 50. | 55. | 60. 70. 80. 

з | 5 
144 | 50,000 | 40:7 | 35-8 | 81:8 | 28-8 | 25-4 | 22:9 | 20:8 | 18:9 | 1778 | 15-7 | 14-6 | 12-1 | 10:2| 7471 5:78 5 
1:56| 50,600 | 41:2 | 86:2 | 82:2 | 28:6 25:6 | 28:1 91-0 | 19:1 | 17-5 | 16:1 | 14-9 | 12:2 |103) 7:56) 58 |4 
1:71) 60,300 | 43:2, | 38:4 | 33:0 | 30-6 | 27°6 | 25-1 | 22:8 | 20-9 | 19-8 | 17°6 | 14:5 | 12:83 | 9:02) 6:91 я 
2:2 85,000 43-1 | 39:0 85:8 | 82:1 | 29:4 | 27-1 | 24-9 | 20°6 | 17-2 | 1276 9°75 5 
9:8 | 90,300 41-3 | 37-6 | 84-2 | 31-2 | 28-7 | 26-5 | 21:7 |183 13:5 |108 |Ж 
2:5 | 100,000 41-6 | 37-8 | 84-6 | 81-8 | 29°3 | 24-1 | 90:8 |149 |114 15 
3:1 | 122,500 49:8 | 39:0 | 85:9 | 29:5 |24:9|188 |141 |8 
8:9 |195,000 48-0 |89:5 |89:6 | 27-4 | 92:0 |155 |Ж 
3:6 | 145,000 49:5 35-0 | 99-4 | 21-7 |167 |5 
3:8 | 157,000 | 38:0 | 82:0|985 |180 |= 
56 | 235,000 | 851 |969 |2 


As already suggested, these results are controlled by our fundamental assumptions, 
which can only be general. Cases will be found where greater weights of motor are 


Le 
аге лее 
ракка 


e 


| 


УИ 


AL 


\ 


Overall length of Motor (over Frame) in Inches. 


2 SI топ 5 га тов зо 29: wo: «Я 50 95 


Weight of Motor in Metric Tons. 


Fig. 355. ОгвуЕв FOR GEARLESS MOTORS, SHOWING OVERALL LENGTH OF 
Мотов FRAME FOR VARIOUS Мотов WEIGHTS AND DIAMETERS OF 
DRIVING WHEELS. (See Table CXII.) 


associated with given driving wheel diameters ; nevertheless it is instructive to examine 
the tendencies at work. The limitations here arrived at are of a general order, which 
will lead to a sound design without undue crowding of parts, and without resorting to 
unusual designs as regards form of motors or their location. 

The diagrams in Fig. 357 have been constructed from the diagrams in Figs. 855 
and 856, and show us, for motors of 75, 150, and 300 h.-p. respectively, the relation 
between the limiting lowest armature speed at rated output and the driving wheel 
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diameters. The limiting lowest speed is determined by reference to Fig. 352, which 
gives a connection between the weight and speed of the motor. From Figs. 855 and 
356 we can ascertain what is the weight of the heaviest motor that can be used with | 
a given driving wheel, and then, referring to the curves of Fig. 359, we obtain the - 
motor speed corresponding to this weight. In this way we have plotted the limiting 
lowest speed practicable, against the diameter of driving wheel for 75, 150, and 
300 h.-p. gearless motors in the upper horizontal set of curves in Fig. 357. For geared 
motors we assume that the gearing occupies 7 ins., or 15 per cent. of the length 
between wheels, the maximum available length for the motor frame being thus 48 ins. - 


a TTL РЕА; 
2227; | 


40 


50 


20 


Overall length of Motor (aver frame) in Inches. 


Weight of Motor ( Exclusive of Gearing ) in Metric Tons. 


Fig. 356, CURVES ror GEARED MOTORS, SHOWING OVERALL LENGTH or 
MOTOR FRAME FOR VARIOUS MOTOR WEIGHTS AND DIAMETERS OF 
Drivinc WHEELS. (See Table ох.) 


Hence we have set this as the limiting motor frame length in Fig. 356, and have 
derived in a similar way to that just described for gearless motors, the lower horizontal 
set of curves in Fig. 857, showing the lowest speeds practicable with various driving 
wheel diameters for motors of 75, 150, and 300 h.-p. 

The limiting highest speed is partly a question of commutation and partly a 
question of mechanical design, in which a leading consideration is the design of the 
reduction gearing. The ordinary series- wound railway motor, when running at light 
loads, attains a speed of the order of twice its Speed at its rated output. It would 
therefore appear reasonable to assign the following values as the highest limiting 
speeds at rated loads :— | 


75 В.-р. : : Е : : . 800 r.p.m. 
150 h.-p. 95: à 5 5 208600255; 
300 h.-p. я с > 2 .. 400-;; 


We have now the highest limiting speed, and the lowest limiting speed ав а 
function of the driving wheel diameter, for motors of 75, 100, and 300 h.-p. In 
Tables CXIV., CXV., and CXVI., we have set out the practicable motor speed in revolu- 
5ions per minute necessary to give running speeds ranging upwards, from 15 miles 
per hour with driving wheels of diameters from 30 ins. upwards, these three tables 
relating respectively to 75, 150 and 300 h.-p. motors. 
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ELECTRIC RAILWAY ENGINEERING 
TABLE CXVI 


Speeds of 800-h.-p. Motor for various Locomotive Speeds in Miles per Hour and 
various Driving Wheel Diameters. 1 


Ratio of Gearing. 
«Diumater of Та ea 1229; 1:4. 130% 

Driving 

Wheel in : - Speed i Speed i 

In qum | Speed in Miles per Hour, Speed in Miles per Hour.” Зад Monn votes К ЕЛГЕ е 

30, 40. 50. 60. 80. 15. 20. 30. 40. 15. 20. 30. 15. 20. 15. 20. 

30 | | 
32 | £l 
84 | Е 
36 ak 
88 | 5 
40 ар 
49 320 | 400 EN 
44 305 | 889 | 5, 
46 292 | 365 Вр 
48 210 | 280 | 850 5. 
50 202 | 268 | 886 | 402 402 ер 
55 | 183 | 244 | 805 | 866 | 866 866 868 БЕ 
60 || 168 | 224 | 280 | 336 | 224 | 336 252 | 886 336 ы. 
70 144 | 192 | 240 | 288 | 888 1921 288 | 884 | 216 | 288 288 | 384 || 360 2 
80 || 126 | 168 | 210 | 252 | 386 168 | 252 | 836 || 189 | 252 | 878 || 959 | 336 | 315 #4 


No speeds are included in these tables which fall below the lowest limiting speeds 
of Fig. 357, or above the highest limiting speeds given above. The results in 
Tables CXIV., CXV., and СХУТ. have been plotted in Fig. 358, which gives a series of 
enclosed areas obtained by plotting the maximum and minimum practicable speeds of 
motor for each speed of train in miles per hour (corresponding to the various driving 
wheel diameters). These areas indicate the limits of motor speed and train speed for 
motors of 75, 150, and 800 rated h.-p. for various gear ratios. Thus, supposing the 
locomotive speed and its rated horse-power are given, we can determine the most desir- 
able motor speed and driving wheel diameter. It is now probable that the best point 
at which to work will be somewhere in the region of the centre of gravity of each 
of the areas in Fig. 858. Hence we have determined roughly the centre of each area, | 
and in Table CXVII. we have brought together the particulars of the motors 
corresponding to each of these points. 

Table СХУП. shows the speed in miles per hour, the revolutions per minute of 
the motor, diameter of driving wheel, and weight per horse-power of output. The 
weight of motor and gearing has been included on the assumption that the gearing 
weighs an additional 15 per cent. of the motor weight. Taking the weight of the 
auxiliary equipment at 0005 ton per horse-power, the total weight of motor, gearing, 
and equipment per horse-power, has been added. The figure of 0:005 ton per horse- 
power is based on the figures for four representative locomotives, particulars of which 
are given in Table CXVIII. The weight of the auxiliary equipment per horse-power 
comes out to a very uniform value in these cases, the average being 0:005 ton рег 
horse-power. 
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Ordinates denote Speed of Motor in Revolutions per Minute 
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ELECTRIC RAILWAY ENGINEERING 


Тавон CXVIII. 
Data for Weights of Locomotives and Motor Equipments. 


Weight in Metric Tons. . Weight in Metric Tons per H.-P. 
Қалы н 2p. of Complete S ЕА Electrical Complete | е c Electrical 
Motors.| Loco- ment, | Motors) Equip- Loco- ment, Motors Нашре 
motive. Ба ае only. pu motive, аве only. ap 
Baltimore and Ohio, 800 73 20°3 16:1 LED] 0:091 | 0:0255 | 0:0201 | 0:00526 
Geared 
Paris-Orleans, 1,000 49 21:8 16:2 5:0 0:049 | 0:0918 | 0:0162 | 0:00500 
Geared 
New York Central, 2,900 85 27:8 17:1 | 10:6 0:0886 | 0:0125 | 0:0077 | 0:00477 
Gearless 
Central London Railway,| 680 44-8 24:8 21:8 | 80 0:0645 | 0:0321 | 0:0820 | 000485 
Gearless 


The results in Table CXVII. have been plotted in Fig. 859. Тһе curves in the left- 
hand column of this figure show the variation of weight of motor gearing and equip- 
ment, with the speed in miles per hour, for motors of 75, 150, and 300 h.-p. In the 
right-hand column of the same figure the curves show for any given speed in miles 
per hour the motor speed (revolutions per minute), the driving wheel diameter, and 
the gear ratio. 

The weight of the rheostats and control apparatus in general, is, of course, a 
function of the frequency and duration of rheostatic running. Hence for very severe 
service 0:005 tons per horse-power will not cover the weight of equipment other 
than motor weight, and this figure may approach 0°008 or even 0:010 tons per horse- 
power. Of course, however, it will be independent of the ratio of gearing and the 
diameter of the driving wheels. М 

A high voltage traction system is necessary before thoroughly rapid progress can 
be made in superseding steam by electricity on main line railways. Some progress 
has already been made along these lines, both with single-phase and polyphase 
systems. An as yet much-neglected system is that employing high voltage con- 
tinuous-current motors. Some years ago * one of the present writers put in a word for 
this system, and in a fairly careful comparison for a certain case, arrived at results 
which were much more satisfactory than those obtained by single-phase operation. 
But little interest could then be roused on the subject. Now, however, it is again 
attracting attention, and, in one form or another, will doubtless be actively followed, 
up. High tension continuous-current railway motors are already on the market, and 
it is the writers’ belief that half the sum spent in developing the single-phase 
commutator motor to its present condition (in which it still remains less efficient, more 
bulky, and less satisfactory in several respects than the 600-volt continuous-current 
motor) will result in the development of thoroughly satisfactory high tension con- 


tinuous-current motors. These motors will be as efficient and as light for a given - 


temperature rating and a given speed, as the present standard 600-volt motors. The 
commutation will be better. As traction motors increased in size, they were designed 


1 ** The Continuous-current System and the Single-phase System for Traction,” Н. М. Hobart, 
Electrical Review, London, Vol. LIV., р. 693, April 29th, and May 6th, 1904. 
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successively with five, four, three, two, and finally one turn per segment. Beyond that 
point, the commutation difficulties with increasing capacity can only be met with 
reversing poles, or their equivalent. Going up to 1,500 volts and higher, it will again . 
be practicable in motors of large capacity to improve the commutation in virtue of the 
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Fig. 359. CURVES SHOWING RELATION BETWEEN SPEED OF LOCOMOTIVE AND DRIVING WHEEL 
DIAMETER, Motor SPEED, AND WEIGHT. 


decreased current, and when, in addition to this, reversing poles are employed (in the cases 

where they are suitable), there need be no apprehension that commutation will present 

any difficulties. Indeed, the commutator of a 1,500-volt continuous-current motor will 

be much shorter than that of a 600-volt continuous-current motor, since the current 

to be colleeted is so much less. The total brush surface will be correspondingly 
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reduced. Thus a greater space between wheels may be devoted to armature and! 
winding, and motors of larger capacity will be practicable for a given driving wheel! 
diameter and gear ratio. In other words, the limiting areas in Fig. 358 will become: 
larger. The very slightly increased space necessary for high voltage slot insulation, 
will be an almost negligible factor as affecting the bulk of the motor for a given rated 
capacity when this rated capacity is a matter of 100 h.-p. and upwards. | 

If, on Ше other hand, we turn our attention to the single-phase commutator motor, 
we find it in possession of over twice as large a commutator (as this is for 250 volts) 
as its 600-volt continuous-current equivalent. This alone takes away valuable space 
between wheels, and leaves a less available width for the armature. As, however, the 
latter also is large for its rated output (for equal rated speeds), the areas corresponding 
to those in Fig. 828, are, for single-phase commutator motors, very restricted indeed. | 
There will be a tendency to keep down the dimensions by employing a higher rated 
speed and ratio of gearing. This means, in motors of high rated capacity, serious ' 
losses in gearing and rapid deterioration of gearing. It is also unfavourable for 
commutator and brushes. 

There thus appears good reason to anticipate better results from high voltage 
continuous-current traction than from single-phase traction with commutator motors. 
For long distance service, however, both may in the course of development be sur- 
passed by the polyphase induction motor, which, when examined on the plan of the | 
diagrams of Fig. 858, shows up very favourably in this class of service. For loco- 
motive service, sight must not be lost of the alternative single-phase system with a 
motor-generator on the locomotive, intermediate between the high tension line and the - 
motors. Even in this case, fairly high tension continuous-current motors on the 
trucks may give the best results because of the more compact commutator and the 
more satisfactory commutation which will be obtained in large capacity motors, by an 
increase in the armature voltage. ў 

The lower saturation necessary in an alternating-current motor as compared with 
а continuous-current motor, the impracticability of employing the outer shell as 
active material in the magnetic circuit, the larger commutator and greater amount of 
brush gear, tend to make the single-phase motor very heavy for its dynamical 
capacity, compared with the continuous-current motor. Moreover, the former is so 
much lower in efficiency than the latter, and accordingly has to dissipate so much | 
more heat, that the service capacity is low in comparison with the dynamical capacity. 
Any service, therefore, which makes the heating of the motors a limiting feature, 
requires a weight of single-phase motor equipment far in excess of that necessary on 
the continuous current system. 

The great disadvantage of the single-phase motor as regards weight, has been very 
clearly brought out by Carter in his reply to the discussion of his recent paper entitled 
“ Technical Considerations in Electric Railway Engineering ” (read before the British 
Institution of Electrical Engineers, January 25th, 1906). In the discussion on Ше 
paper, Dawson made the following statement :— 

“The weight of a 150-h.-p. motor, rated on the American prineiple to which the 
author referred, is 2-7 tons, and the weight of a 115-h.-p. motor rated exaetly on the 


1 For smaller capacities, 1,500-volt continuous-current armatures would, through the increased 
space required for slot insulation, be slightly larger for a given output and speed. In a general way, 
the most favourable voltage, from the standpoint of the design of the motor, increases as the rated 
output inereases. 


: 
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same basis is 2:4 tons. If we take the weights of two motor trucks, опе set equipped 
with four 150-h.-p. continuous-current motors, the other with four single-phase 
115-h.-p. motors, that is, simply the complete motor trucks, we find that the weight 
of the continuous-current motor equipment would be nearly 26 tons, as against 27 
tons for the alternating-current equipment.” 

Carter, in reply, pointed out that Dawson was in error in stating that the alter- 
nating-current motor is rated on the same basis as a continuous-current motor, and 
stated that the 115 h.-p. motor referred to by Dawson cannot be rated any higher than 
90 h.-p. through the gears if the temperature rise is limited to 75°C. after a run of 
1 hour’s duration at its rated voltage under the conditions prescribed by the American 
Institute rule. 

This gives for the two cases— 


Continuous-current motor 18 kilogrammes per horse-power ; 
Single-phase motor 3 : р ТОТ я, 5s 


The trucks compare as follows :— 


‘Truck equipped with four continuous-eurrent motors weighs 44 kilogrammes per horse-power. 
single-phase d) m To 25 Ў 


” DE 33 


Schoepf, in the discussion, gave the following as the weights of 150-h.-p. motors 
of the two types :— 


2:5 tons for a 150-h.-p. continuous-current motor, 
24 „ 7 single-phase motor. 


Carter pointed out that the latter of these two motors was rated on the basis of a 
temperature rise of 75 degrees Cent. at the end of a 1 hour’s run on a 250-volt 
continuous-current circuit, and that it would have a far lower rating if based on a 
temperature rise of 75 degrees Cent. after a 1 hour’s run on a 250-volt alternating 
current circuit. In the course of his reply, Carter gave the figure of 2°15 tons as 
the weight of a certain 175 h.-p. motor in common service to-day on the Boston 
Elevated Railway. This is 19:5 kilogrammes per horse power. From the above 
partieulars we obtain the data in Table CXIX. 


Tanne OXIX.— Weight of Single-Phase and Continuous-current Motors. 


Rating of One Motor 
when based on standard FE НС 
: one hour 75 deg. cent. Weight of One Weight of One eds te Ditto per 
Туре. о метш Motor per H.-p. two of these Rated H.-p. 
circuit of normal volt- Motors. 
age of Motor. 
| Dawson . 150 h.-p. 2-7 tons. 18:0 kgs. 18:5 tons. 44 kgs. 
| a rarr 4 
| - 
ү" `БепоерЁ.. 150 h.-p. 2:5 tons. 16:7 kgs. 
Carter 175 h.-p. 2°2 tons. 12°5 kgs. 
Single Phase 90 h.-p. 2:4 tons. 26-7 kgs. 13 tons. 75 kgs 
Note.—One kg. = туў of one metric ton. 
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Gearing increases the above motor weights by 10 to 15 per cent. Auxiliary 
equipment, in the case of the continuous current system, amounts to some 4 to 6 
kilogrammes per rated horse-power of the motors. It is highly improbable that for 
single-phase equipments, the auxiliary equipment weighs less than 10 kilogrammes per 
(correctly) rated horse-power of the motors. | 

Schoepf, in the course of the discussion, also quoted some figures which, rightly 
considered, indicate the great equipment weigh incident to the single-phase system. 
He gave the weight of the single-phase equipment of a motor-coach, suitable for use 
on the suburban lines of the London, Brighton and South Coast Railway, as 31,000 Ibs., 
and the continuous-current equipment of the motor-coaches used on the Metropolitan 
Railway as 29,500 Ibs. Since on the former system, two motor-coaches are required 
for а 8-соаеһ train, and on the latter, two motor-coaches for а 6-coach train, the 
coaches being of practically the same size in the two cases, it follows that the single- 
phase equipment for a given train is more than twice as heavy as the corresponding 
continuous-current equipment for this class of service. 

The service capacity of the single-phase motor is even lower, for its weight, in 
comparison with the continuous-current motor, than the hourly rating would indicate. 
In the hour run the greater part of the heat is expended in raising the temperature 
of the motor and but little is dissipated, whilst the final temperature attained in 
service depends on the rate at which the heat can be dissipated by the motor. The 
heavier the motor the greater will be its capacity for heat and the higher it will rate; 
but the increased weight does not involve a proportional increase in dissipative power, 
and accordingly the service capacity is low for the rating. Comparison on the basis 
of a definite temperature rise after 1 hour’s run, therefore, is too favourable to the 
single-phase motor. 

It is thus evident that the single-phase railway motor is greatly handicapped а» 
regards weight. The seriousness of this disadvantage is made the more apparent by 
reference to the curves in Fig. 358 (facing p. 884). For the single-phase motor the 
areas in that figure will be much more restricted. On the other hand, with high 
tension continuous-current motors, or with polyphase induction motors, the areas will 
increase. 

Thus from the standpoint of its technical merits, the single-phase commutator 
motor is at present a factor in the railway electrification problem only in so far as the 


possibility of its further improvement at an early date entitles it to consideration. - 


Although the last three years have witnessed the advent of several types of single- 
phase commutator motor, each of which constitutes a great step in advance of the old 
induction type single-phase motor without commutator, there is still a wide gap to be 
bridged before it can, on the basis of its engineering merits, rival the continuous- 
current motor. The single-phase motor has the non-technical advantage that it is 
now fully realised that some radical innovation is essential to the success of 
railway electrification, and it appeals to the speculative instincts in human nature 
to take up a promising novelty rather than to undertake radical but comparatively 
uninteresting modifications of a well-tried and reliable system, ‘especially as 


there is a prevailing belief that this would only postpone the inevitable, ultimately | 


successful, introduction of the alternating current railway motor. It will, however, 
not be denied that а treble or quadruple increase in the traditional continuous-current 
trolley voltage would permit of greatly increasing the practicability of introducing 
electric traction on main line railways without discarding continuous-current railway 
motors. 
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The single-phase commutator motor is not readily understood from an abrupt 
description of the motor as it now stands developed. It is instructive, and conduces 
to a better understanding of this motor, to trace the evolution of the ideas which 
have culminated in its inception. The polyphase induction motor first attracted 
general attention fifteen years ago, on the occasion of the Frankfort Exhibition. 
The simplicity of its construction, and especially the absence of a commutator, 
at once led to very optimistic predictions as to its rapid and ultimately universal 
adoption for all work for which electric motors are required. The polyphase induc- 
tion motor was found to have high efficiency and high starting torque. The depen- 
dence of a high power factor upon the use of an excessively small air gap, was 
felt to be a comparatively trifling drawback to set against the otherwise excellent 
mechanical design. In America the induction motor was built rather large and heavy, 
with a reasonably deep air gap, and with partly or completely open slots and form- 
wound coils. In consequence of these concessions to the requirements of a rugged 
construction, it had a somewhat lower power factor than the European induction 
motors, which were built with an excessively small air gap, hand-wound coils, and 
with a minimum of material. A disadvantage of the polyphase induction motor, much 
more serious than poor power factor and small air gap, soon came to be recognised. 
his related to the inefficiency with which variable speed could be obtained. The 
simplest method consisted in the introduction of resistances in the rotor circuits, but 
this involved great sacrifice in efficiency. The efficiency decreased in direct proportion 
to the speed, so that at one-quarter or one-half full speed, the efficiency was respec- 
tively 25 and 50 рег cent. of the full speed efficiency. Тһе first suggestions for 
employing the polyphase induction motor for traction work, were met with this 
objection : that variable speed could not be economically obtained. This led to the 
levelopment of the then so-called “concatenated " system of motor control. This is 
now designated “ cascade ” control, and consists in the use of a main motor and an 
auxiliary motor. For full speed the main motor alone is in circuit; for half-speed 
the main motor supplies half its energy mechanically direct to the train, and the 
other half electrically from its secondary to the primary of the auxiliary motor. 
This system is exploited by the firm of Ganz & Co., of Buda-Pesth, and is in 
successful operation on the Valtellina Railway in Northern Italy, and on other 
less important roads. It permits of regenerative braking above half-speed. The 
chief objections to this system, in addition to the still grave limitations to efficient 
speed control, are the small air gaps of the motors, their low power factor, the 
weight and cost of the auxiliary motors, the complicated control connections, and 
the need for at least two trolley wires or rails, and for a corresponding number 
of trolleys or contact shoes. This system has the great advantage of employing 
three-phase motors, which, for a given output, may be built lighter and cheaper 
than continuous-eurrent motors, and, for high rated speeds, are more efficient. Ata 
sufficiently low periodicity, the power factor is very high, and all the properties are 
greatly improved. Of course, the main advantage is that inherent to all alternating 
current systems: the facility of transformation, which permits the use of high 
voltage transmission lines, and thus of the economic transmission of electric energy 
over long distances. 

On the now historical high speed railway tests at Zossen, near Berlin, we again 
find three-phase motors employed, but not with concatenated connection. Little 
significance is, however, to be attached to this latter circumstance, since these tests 
were made more with а view to establishing the practicability of attaining high speeds, 
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and of collecting the high voltage electric current at these speeds. Patent considera- 
tions probably also affected the choice of system. 

The speed-torque characteristic of the polyphase induction motor 18 unfavourable 
for traction in that its inherent property of running at constant speed independently 
of the torque, imposes far heavier peaks of load upon the generating station and on 
the line than are imposed by the continuous-current series motor, in which the speed 
falls off as the torque increases, thus equalising the load to a considerable extent. 
This inferiority of the polyphase induction motor becomes greatly accentuated in main 
line work with heavy trains running at high speeds at great distances apart, and would 
easily lead to requiring power-house installations capable of supplying twice as high 
peaks of load as would be required of power-house installations for roads employing 
motors with the speed-torque characteristic of the continuous-current motor. 

The constant speed characteristic of the motors has the further practical dis- 
advan. ge of confining their use to trains drawn by a single locomotive or motor- 
coach. Іп operation the driving wheels are worn down by some 8 per cent. before 
being retyred, and if a train were drawn by two units, one with new wheels and the 
other with worn wheels, the motors on the former might be running 8 per cent. slower 
than those on the latter, taking practically all the load, and possibly driving the 
others as generators.? This prevents the promiscuous mixing of motor stock which is 
inevitable where a multiple unit system is employed. 

The chief faults of the three-phase motor for railway electrification, may be 
summed up as follows :— 

(1) Constant speed characteristic ; 

(2) Necessity for at least two trolleys ; 
(8) Small air сар; 

(4) Low average power factor. 

From the very earliest days of three-phase motor developments it has been known 
that, once started, a three-phase motor will continue to run when one of the three 
circuits leading to it is opened. It thus operates as a single-phase motor. This pro- 
perty is used on three-phase railways at points where the nature of the line does not 
permit of more than one trolley. It was also known that a three-phase motor would 
start as a single-phase motor, if, with one of its windings short-circuited, another was 
thrown on the line. Why then is not the first of the above-tabulated objections, i.e., 
the need for more than one trolley, thereby overcome? It is not overcome for the 
reason that this pure induction-type single-phase motor has exceedingly weak starting 
torque, and far lower capacity than when operated three-phase, a lower average power 
factor, and greater heating for a given load. Nevertheless, the need for a single-phase 
motor was believed to be so acute, that every attempt was made to improve the proper- 
ties of the pure induetion-type single-phase motor without a commutator. At theend 
of ten years of effort, nothing in the remotest degree approaching a commercially 
satisfactory motor had been produced on these lines. 

Matters were in this state in the beginning of the year 1901. In this year, 
Heyland and Latour independently demonstrated the practicability of operating three- 
phase motors at unity power factor at some one load, by the addition of a commutator 


1 It is notable that Reichel, who was prominently associated with the design of the Siemens and 
Halske equipments and with the conduct of these Zossen tests, is now an advocate of the employment 
of the continuous-current motor for railway electrification, 

? See Carter, ** Elec. Rev." Vol. 54, p. 868. Also “ Jour, Inst. Elec. Eng." Vol. 36, p. 256. 
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to the rotor, thus reviving arrangements more or less resembling those proposed in 
1888 by Wilson (see British Patent No. 18,525 of 1888) and reinvented, tested, and 
set aside by Gorges in 1891. The light thrown by these investigations of Heyland 
and Latour on the properties of polyphase induction motors and the formulation by 
Latour of the closely related conception of the panchronous operation of generators, 
were soon followed by another very important advance, namely, the invention by 
Winter and Wichberg of an economical means of controlling the speed of three-phase 
motors. By means of brushes bearing on a commutator, these inventors supplied 
eurrent to the rotor windings of an ordinary polyphase induction motor, using a 
variable voltage source, such as a variable ratio transformer or, and generally prefer- 
ably, an induction regulator. The rotor speed is inversely proportional to the voltage 
applied at the brushes. This invention would undoubtedly have led to renewed 
activity in the use of three-phase motors for railway electrification, in spite of the 
double-trolley difficulty, had not Lamme sil 

in Pittsburg, U.S.A., already announced 
the success of a single-phase railway 
system in which а series-wound, 
laminated field, commutator motor was 
employed. At any rate, Latour in Paris 
and Winter and Eichberg in Vienna 
and Berlin soon evolved from this 
variable speed idea a type of single- 


phase commutator motor which, however fepulsion Motor (Elhu Thomson) 
great its faults, is a tremendous advance For Analytical Purposes it is 
on the induction type of single-phase Instructive lo replace the above 


diagram by the following diagram in 
which the field Winding is 
conce/ved fo Бе decomposed 
info two Component 
Windings 


motor without commutator. 


The Repulsion Type of Single-Phase а 
отропеп 
Commutator Motor. of Circuit. 


Energy Component 


A form of single-phase commutator Conpensonon 
of Circuit 


motor which has been proposed and 
tried for railway work, 1s the so-called 
repulsion motor. This was invented лк 
many years ago by Elihu Thomson at TYPE SINGLE-PHASE MOTOR. 

Lynn, U.S.A., and has been employed 

to some extent where small stationary motors, having series characteristics, are 
required. 

It is shown diagrammatically in Fig. 360. It has the advantage of having no 
conducting connection between the armature and power supply, so that the field may 
be wound for high potential, although this entails extra weight and expense on 
account of the space required for the heavier insulation between field turns. Another 
adyantage-of the repulsion motor is that it cannot flash over at the commutator, since 
the brushes are short circuited. For reversing the direction of running and for 
regenerative braking, either the brushes must be shifted, or more or less complicated. 
eontrol of the stator connections must be employed. This motor has an effective range 
of speed from low speeds up to about 25 per cent. above synchronous speed, above 
which the commutation is unsatisfactory. 

In 1908 the repulsion motor was taken up for alternating current traction work. 
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The results obtained indicate that it has a fair average power factor, but considerable 
rotor losses and a somewhat low specific starting torque. It now appears to have been 


1 


abandoned in favour of the Latour-Winter-Hichberg and the Lamme types of motor. - 


The Г. ТР. Е. Type of Single-Phase Commutator Motor. 


The Latour-Winter-Eichberg single-phase motor which is shown diagrammatieally 
in Fig. 861, resembles the repulsion motor in having short-circuited brushes on the 
commutator under the poles; in having an effective range of speed for practical work 
from low-speed to a little above synchronism, and in having rather excessive rotor 
losses. It may in fact, as far as its main action is concerned, be regarded as a 
repulsion motor in which, instead of the brushes being shifted to change the direction 
or magnitude of the torque, the exciting field is shifted by the introduction of a cross 


of 


Magne sima 
Comfrorere 4 
стси 


Energy Component 
DA 


Stator Иллә 
Lxciting Transformer 


Fig. 361. DIAGRAMS OF THE LATouR-WINTER-EIOHBERG TYPE oF SINGLE-PHASE 
COMMUTATOR MOTOR. 


The diagram at the left shows the arrangement without a transformer, 
» р ye Lehba ys 5 with ГА 
In the Latour-Winter-Eichberg type the compensation is obtained by the induced current in the armature between the 
short-cirenited brushes. 


field in phase with it. This auxiliary field is produced by introducing into the 
armature, through brushes at the neutral points, either the main power current, or a 
current proportional to the same, taken froma series transformer. Тһе two alternative 
arrangements are shown in Fig. 861. Тһе latter of these has the following advantages 
over the former: (1) There is no conducting connection between armature and power 
supply, so that the stator can be wound for high, or any desired pressure. (2) The 
motor characteristics сап be varied by varying the ratio of the auxiliary transformer 
on the secondary side, which involves dealing only with small eurrents at low voltage, 
and affords an exceedingly safe and flexible method of control. With reference to the 
first of the above advantages, it has not usually been considered desirable to wind these 
motors direct for line pressure, the excessive vibration to which they are subject, and 
the impracticability of having them under continued expert supervision, rendering it 
practically necessary to insert a main transformer between line and motors so as to 
confine the region of high potential to the simplest and most reliable of appliances. 
The motors now being built by the Allgemeine Elektricitits Gesellschaft for the 
South London line of the London, Brighton and South Ccast Railway, are of the 
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Winter-Hichberg type, and a main transformer is included in the equipment between 
the line and motors, the latter being wound for a reasonably low voltage. 

The Winter-Eiehberg type of motor, which is supplied in this country by the 
British Thomson-Houston Company, consists of a stator more or less resembling that 


` of an ordinary polyphase induction motor, and carrying a single-phase winding. The 


| 


rotor is similar to the armature of а continuous-current machine, except that the 
commutator is larger in proportion. Short-circuited brushes bear on the commutator 
at the centre of the poles, and exciting brushes at the neutral point. There is thus 
rather a large amount of brush gear, and the losses due to brush friction and contact 
resistance are somewhat excessive—requiring a large commutator, which in any case 
is very liable to run hot. 


The Compensated-Series Type of Single-Phase Commutator Motor. 


The compensated-series type of alternating current railway motor is a develop- 
ment of the series motor as used for continuous currents, The latter motor, if 
provided with a completely laminated magnetic circuit, could be operated from ал” 
alternating-current power supply, but necessarily offers so high an impedance as to 
have an exceedingly low power factor, whilst very poor commutation is to be expected, 
and altogether such a motor is impracticable, except in very small sizes. Recognising 
the need of diminishing the effect of armature reaction in this type of motor, Lamme! 
introduced longitudinal slits or holes in the pole pieces, in order to impose reluctance 
in the path of the armature flux, and in some of the holes placed copper bars, con- 
nected together so as to form short-circuited coils at right angles to the armature flux, 
the current induced in which tends still further to cut down the cross-magnetisation of 
the armature. In order to improve the commutation of the machine, Lamme adopted 
the well-known expedient of inserting high-resistance leads between the armature coils 
and the commutator bars. Finzi, of Milan, independently investigated the series motor 
for traction purposes, and also adopted the expedient of dividing the pole pieces across 
the path of the armature flux, and of inserting high-resistance commutator leads, but 
did not employ compensating coils. His motor is, therefore, not a compensated motor, 
but nevertheless appears satisfactory for small tramway sizes. Shortly after this, the 
General Electric Company of America took up the development of the alternating- 
current series motor, and their engineers appear to have been amongst the first to fully 
realise the importance of the arrangement of the compensating winding. Instead of 
bunching this in one slot in the centre of each pole, as in Lamme’s motor, they dis- 
tributed it uniformly over the stator face, connecting it in series with the armature, 
and arranging to have practically the same number of ampere-conductors per unit of 
peripheral length in the compensating as in the armature winding. ‘lhe com- 
pensating winding was of course connected so as everywhere to oppose the armature 


‚ field with an equal field, thus completely neutralizing the armature reaction. The 


distributed compensating winding has now been generally adopted for this type of 
motor. 

The compensated-series type of motor, which is shown diagrammatically in 
Fig. 362, is distinguished from the above-mentioned repulsion types in having its 
range of practicable and efficient speed, from synchronism to some two or two anda 
half times synchronomous speed. Its efficiency is somewhat higher than, whilst its 


1 See British Patent 2,746. 1902. 
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average power factor is quite as high as, that of the Latour-Winter-Hichberg type, 


суидиодшо а 


Compensation 


COMPENSATED 
SERIES TYPE OF 
SINGLE-PHASE Com- 
MUTATOR Мотов. 


Fig. 362. 


(Westinghouse (Lamme). 
—The compensation 18 
obtained by the current 
in the stationary series 
windings wound in slots 
in the surface of the pole 
shoes and in quadrature 
with the main field wind- 
ing. In the earlier form, 
the compensation was 
obtained by the current 
induced in a compensating 
winding short-circuited on 


itself.) 


taking power at a frequency of 25 cycles per second. 


Fig. 364. 


and considerably higher than the pure repulsion type. 
Compared with the continuous-current series motor, it has 
a rather weak field and proportionally large armature 
reaction, which is taken care of by the compensating field. 
This type of motor is well suited for use as a continuous- 
current motor, although for this purpose it is of advantage 
to employ a stronger field. The General Electric Company 
of America have accordingly adopted the practice of winding 
the exciting coils in sections, which are put in series for 
continuous-current working and in parallel for alternating- 
current working. As a continuous-current motor, the com- 
pensated series motor has a higher efficiency and greater 
capacity than when used as an alternating-current motor, 
although it falls short of the ordinary continuous-current 
railway motor in these respects. 

The following description of the motor and its auxiliaries, 
and of the method of control, applies to a 75 h.-p. motor 
designated G.E.A. 605, as manufactured by the General 
Electric Company in America, and by the British Thomson- 
Houston Company in England. The motor is illustrated in 
Figs. 363, 364, 365, and 366, and an assembly drawing 
giving the main dimensions is shown in Fig. 367. 

It is designed to operate at from 200 to 250 volts, 
The rating is 75 h.-p. at 


ASSEMBLY OF BRITISH THomson-Housron Co.’s COMPENSATED SERIES: 


SiNGLE-PrasE RAILWAY MOTOR. 


Rating as а continuous-current motor on the one-hour 75 deg. Cent. standard, is 75 h.-p. at 200 volts. 
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200 volts when operating as a continuous-current motor, and on the basis of 75° Cent. 


Fig. 364. ASSEMBLY or BRITISH THOMSON- HOUSTON Со в COMPENSATED SERIES 
SINGLE-PHASE RAILWAY. MOTOR. 


rise after one hour’s run, as defined Бу the American Institute of Electrical Engineers 


Committee of Standardisation.’ 
The frame of the motor is 
made of steel and is split dia- 
gonally, the two sections being 
bolted firmly together. The frame 
encloses and holds securely the 
laminated field structure. At the 
ends of the frame are large bored 
openings, into which malleable 
iron frame heads carrying the 
armature shaft bearings are bolted. 
Through these openings, the 
armature is put in place or 
removed from the frame. 

A large aperture is provided 
in the frame above the commu- 
tator, through which the com- 
mutator can be inspected or 
the brush gear adjusted. The 
opening is closed by a malleable 
iron cover with a felt gasket 


Fig. 365. FIELD rom Ввишви THomson-Houston Оов 
COMPENSATED SERIES SINGLE-PHASE RAILWAY MOTOR. 


—the cover being held in place by a quickly adjustable cam-locking device. 
1 Transactions A.M. Inst. Elec. Engrs., Vol. XIX., p: 1083. 
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The field laminations are of the induction motor type, the windings being 
distributed around the inner face in such a manner as to give a four-pole stator. A 


Fig. 366. Parrs or BRITISH Тномвох-Ногвтом Co.’s COMPENSATED SERIES 
SINGLE-PHASE RAILWAY MOTOR. 


portion of these windings is used for excitation, whilst the rem 


aining portion is 
connected directly in series with the armature, and is so placed 


and wound as to 


5 ШЕН! 
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Fig. 367, 


ASSEMBLY DRAWING GIVING THE MAIN DIMENSIONS OF BRITISH THOMSON- HOUSTON 
Co.’s 75 п.-р. SINGLE-PHASE CowPENSATED-SERIES TYPE RAILWAY MOTOR. 
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completely neutralise the armature reaction, which would otherwise cause field 
distortion and result in sparking at the commutator. The compensating winding 
also materially improves the power factor, by reducing the inductive drop. Тһе 


exciting windings are arranged in two circuits, which are connected in parallel for 
’ alternating-eurrent operation, and in series for continuous-current operation. Тһе 


я 


| 


winding is insulated with mica, asbestos, and specially prepared fabric, which makes 
it semi-fireproof and practically impervious to moisture. 

The exciting field has 24 turns, wound in 24 brass slots spaced so as to form 
4 poles. The compensating field has 60 turns wound in 60 slots in laminations 
distributed uniformly over the pole face. - Dimensions of the slots : 1°47 in. by 0°49 in. 
by 0:22 in. Pole аге = 86 рег cent. Both compensating and exciting windings are 
made of 0°5 in. x 0°12 in. copper bar. 

The armature closely resembles the standard continuous-current railway armature. 
The connection is four-pole multiple drum, and the armature is bar wound—a large 
number of single-turn coils being employed for the purpose of improving the com- 


"mutation. The bars are separately insulated with mica and are assembled in sets, 


which are then insulated as a whole with mica, and covered with an outside protective 
covering of specially prepared tape. 

The diameter of the armature is 16 in., the gross core length 19 in., there being 
55 slots each, of size 1:59 in. x 0:54 in. There are no ventilating ducts provided 
in the armature. 

The radial depth of iron below the slots is 241 in. Тһе winding has one turn 
per coil and 6 conductors per slot, the size of the conductor being 0°55 in. x 011 in. 
The average length of air gap is 0:11 in. 

The construction of the commutator is similar to that of standard continuous- 
current railway motors. ‘The segments are of hard drawn copper, insulated throughout 
with the very best grade of mica, of such hardness as to wear down evenly with the 
copper. The commutator ears into which the armature conductors are soldered, are 
formed integral with the segments. Тһе diameter of the commutator is 13°25 in., 
and it has 165 segments. 

There are four brush holders, mounted.on a revolving yoke, and each containing 
four carbon brushes. ‘The holders are made of cast bronze, and are supported on 
mica-insulated studs, bolted to the revolving yoke. Тһе brushes slide in finished 
ways, and are pressed against the commutator by independent fingers, which give 
practically uniform pressure throughout the working range of the brush. Тһе size of 
brush is 17 in. by 2 in. 

The frame heads carrying the armature shaft bearings are extended in cone 
shape well under the commutator shell and pinion-end armature core head. This 
construction forms a support for the bearing linings, which are very strong and rigid. 
The heads have large oil wells, into which oily wool-waste is packed and comes into 
contact with a large surface of the armature shaft, through an opening cut in the 
low pressure side of the bearing linings. The armature shaft linings are unsplit 
bronze sleeves finished all over, having a thin layer of babbitt metal soldered to 
the interior. The babbitt furnishes an ideal bearing surface, and is so thin that 
it does not allow the armature to rub on the poles in case it is melted out by over- 
heating. _ Waste oil is prevented from reaching the vital parts of the motor by 
means of a series of oil deflectors, which throw the oil into large grooves cast in 
the bearing heads, from which it is conducted to drip-cups cast on the outside of 
the heads. The bearing boxes are practically the same as standard car axle boxes, 
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and are reached through large hand holes protected by swing covers, held in place | 
by springs. 
The axle linings are in two segments and are held in place by cast steel caps, - 
which are tongued and bolted to planed and grooved surfaces on the frame. Large | 
oil wells are cast in the caps, into which is packed oily wool-waste which comes into | 
contact with a large surface of the axle through openings cut in the bearing linings. 
The gear is made of a superior grade of cast steel, and contains 73 teeth of 
3 diametral pitch. It is of the split type, accurately bored and provided with a 
keyway for securing to the axle. The pinion is of forged steel, extra hammered to 
improve the quality of the metal. It contains 17 teeth, and has a taper fit on the 


Л 
4 EX қажы: 
ЕНЕ Г] REDAZ. 
2000 Бо Too 2 Бу} 
КЕЕ ЕЕ ЕР 
3 
1800 90 
£ РА нае Б A 
5 = - nett ga 
HD LN LET TIII exse № 
о 1600 40 2 80 Бекс ТЕСТІ 
а cds ges | EE 
J 1400 0 270 
9 то 30 
й а 
сее si 30 52 
¢ 1000 © 850 Е 
т, - 
$ воо „20 540 m 
жи -—: 
8 «оо 9 зо je = + SE 
ы 
e DE | 
400 0 d aol ЦД. | 5 = B вика AH 
EVENES 1 
MED пет BENI. BAS 
Би ЗА 
Mr c E PEST р RE fi gee 
50 100 150 200 250 300 350 


Amperes per Motor, 250Volts. 


Fig. 368. G.E.A. 605 RAILWAY MOTOR. CHARACTERISTIC CURVES ON 250-уотт ALTERNATING- 
CURRENT OIROUIT, 25 CYCLES. EFFICIENCY CORRECTED ков A CoPPER TEMPERATURE OF 
159 CENT, 88-іхон WHEELS 73/17 Guar. (Вкилвн Гномвох-Нотвтох Со.) 4 


armature shaft of 5 in. to the foot measured radially. Тһе gear ratio is 48. The 
gear case is strongly made of malleable iron, with a substantial form of support. 

The following are the weights of the motor, excluding pinion, gear, and 
gear case :— 


Frame . ; - А 3 ; : > р . 1,984 lbs. 


Field . и я Е | : Р ! ; КОЛО ЛБ: 
Armature . у : Ч ; я р Р 2 1,148 lbs. М 
Total . ; г 5 е ; 1 . 4,294 lbs. 


The characteristic curves of this motor are shown, for alternating-current | | 
operation, in Fig. 868, and for continuous-current operation in Fig. 369. : 
400 
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The method of control applied to these motors is shown diagrammatically in 
| Fig. 370, which shows the connections for four motors with controller and compensator. 
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Amperes per Motor, 250 Volts. 


Fig. 369. G.E.A. 605 Ratnway Motor. CHARACTERISTIC CURVES ох 250-уотт CONTINUOUS- 
Current CIRCUIT. EFFICIENCY CORRECTED FOR А COPPER TEMPERATURE OF. 75° CENT. 
33-іхон WHEELS 73/17 GEAR (Ввітівн Тномѕох-Нооѕтох Со.). 


For alternating-current working, the motors are connected permanently in series, the 
circuit connections leading first through the field windings of the four motors, and 
then in series through the armatures and their compensating windings. 
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The speed variations are obtained by varying the voltage across the group of | 
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Fig. 370. Car WIRING ror Т 83 A CONTROLLERS WITE Four G.E.A. 605 COMPENSATED | 
MOTORS FOR А.С. OPERATION(BnrTISH Тномвох-Нотвтох Co.). | 


four motors, by connecting with different taps of the compensator or auto-transformer. 
The latest form of compensator is shown in Fig. 871, and is of the oil-cooled type. | 


Fig. 371. Ввимзн THomson-Hovsron Со, 8 LATEST Form or Orr-CoonLED COMPENSATOR 
AS EMPLOYED IN SINGLE-PHASE RAILWAY SYSTEM. 
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A diagram of connections for a multiple-unit system of control is shown in 
Fig. 372, in which the various circuit connections are made by means of contractors 


Master Controller 


G 


Fig. 372. DIAGRAM oF CONNECTIONS oF British THomson-Houston Co.’s SINGLE-PHASE 
RAILWAY SYSTEM AS ARRANGED FOR THE MULTIPLE- UNIT System оғ CONTROL. 
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Fig. 373. DIAGRAM or BRITISH WESTINGHOUSE ELECTRIC AND MANUFACTURING Co.’s SINGLE- 
PHASE SERIES MOTOR, WITH FoRCED NEUTRALISING WINDING, AND SHOWING NORMAL 


DISTRIBUTION OF MAGNETIC FLUX. 
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energised by a small master controller, instead of being made directly by the 


controller. 
This motor, in common with others of this type, will operate equally well on a 
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Fig. 374. CmanaAcrERISTIO Curves or BRITISH WESTINGHOUSE ELECTRIC AND 
MANUFACTURING Co.s STANDARD SINGLE-PHASE RAILWAY MOTOR. 


continuous-current circuit. The modifications which are necessary for adapting the | 
equipment for continuous-current working from a 500 to 600 volt circuit, consists in 
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grouping the motors in sets of two, connected in series, and operating the groups in 
series or in parallel by means of the ordinary series parallel control. A special 
commutation switch is employed for making the necessary changes in connections in 
passing from alternating to continuous current working, or vice versa. 

In the Westinghouse system the high voltage line current is reduced to a suitable 
pressure for use by the motors, by means of an auto-transformer. The motors 
themselves are of the series type with forced neutralising winding embodied in the 
stator, illustrated in diagrammatic form in Fig. 878. In general, with good climatic 
conditions and line voltages up to about 6,600, the air blast type of transformer is 
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Fig. 375. BRITISH WESTINGHOUSE ELECTRIC AND MANUFACTURING Co.’s SINGLE-PHASE MOTORS 
AND CONTROL EQUIPMENT CONNECTIONS FOR WORKING ON ALTERNATING-CURRENT OR 
ConTINUOUS-CURRENT CIROUITS. 


used, whilst with higher voltages or bad climatic conditions, such as working in 
damp tunnels, etc., the oil insulated, self-cooling type of transformer is used. 

Figure 374 shows curves of speed torque, power factor, efficiency, and horse-power 
for the standard 150 h.-p. Westinghouse motor. 

No change is made in the motor for working on alternating or on continuous 
current. The neutralising winding on the field frame is permanently in series with 
the armature, and is retained in use whilst working on continuous current since it 
tends to improve the commutation of the motor under that condition. Fig. 875 
shows the connections of the motor and control equipment for working on alternating 
and on continuous current. 

Figure 876 shows the connections for multiple-unit train control. 

In the 150 h.-p. motor Ше weight of the stator is approximately 3,900 Ibs. and 
that of the armature approximately 1,500 lbs. The pinion, gear, and gear case weigh 
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about 600 Ibs., making the total weight of the motor complete about 6,000 lbs. This 
motor is designed for working both on alternating and continuous current. 

The motor is of the single-phase series wound railway type, designed to operate 
with alternating current, and has speed and torque characteristics similar to those of 
a continuous current series motor. The voltage applied to the motor is about 250 to 
260 volts as against 620 volts for continuous current motors. This considerably 
reduces the liability of damage to insulation. 

The nominal one-hour rating is 150 h.-p. At this load, when supplied with 
alternating current at 260 volts 25 periods per second, the motor is stated to take 
670 amperes and will have an efficiency of 89 per cent. and a power factor of 88°5 per 
cent. at a speed of 570 r.p.m. Under these conditions the temperature rise, after a 
one hour's run on the testing stand, is stated not to exceed 75? C. by thermometer 


Fig. 377. ARMATURE оғ BRITISH WESTINGHOUSE ELECTRIC AND MANUFACTURING Co.’s 
150 H.-P. SINGLE-PHASE RAILWAY MOTOR. 


measurement. The continuous capacity of the motor is given as 890 amperes 
at 125 volts. - 

The motor frame consists of а cast steel yoke into which soft steel punchings are 
dovetailed and securely clamped, producing a magnetic circuit which is completely 
laminated. 

There are six brush holders, each with two carbon brushes, the current density 
in which, at normal rated load, is 65 amperes per squareinch. Flexible shunts are fixed 
to the brushes to relieve the springs from carrying current. The brush holders are 
adjustable, thus allowing compensation for the wear of the commutator. 

The motor is held on the axle by means of axle caps split at an angle of about 
35°, the caps being below the axle and the frame above. The opposite side of the 
motor is arranged for nose suspension. 

All the bearings are made of phosphor bronze and are arranged for oil waste 
lubrication, having oil reservoirs of ample capacity. The armature bearings are 
4 in. X 73 in. and 42 in. X 102 in. respectively. 
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There are six main field coils wound with copper strap and insulated with mica. 


Each coil is held rigidly in position on its pole by hangers, independent of the 
pole pieces. 


The neutralising winding consists of copper bars placed in slots in the pole faces, | 


and is insulated in the same way as for the main field coils. This winding is so 
arranged that it need not be disturbed when removing the field coils. 

The armature core is built up of soft steel punchings assembled on a cast iron 
spider. The shaft, which is made of open hearth steel, is pressed into the spider 
with a pressure of from 20 to 30 tons and is also secured by steel keys. The winding 
is placed in partially closed slots in the core with three layers in each slot, one of 


Fig. 379. FIELD FRAME or BRITISH WESTINGHOUSE Co.’s 150 H.-P. SINGLE-PHASE RAILWAY 
MOTOR WITH THE NEUTRALISING WINDINGS ONLY IN PLACE. 


which constitutes the lead to the commutator, and has relatively high resistance, 
which acts as a preventive lead whilst the coil is being short-circuited under the 
brushes. Each conductor is insulated along its entire length by overlapping layers 
of mica tape, and each group in each slot is further insulated from the core by being 
supported in a moulded mica cell. The completed winding is held firmly in position 
on the core by insulated wedges, and the ends are banded down on the coil supports. 

The commutator is made of rolled and hard drawn copper, clamped in V-shaped 
cast steel rings. The insulation between the bars is formed with specially prepared 
material of such hardness as to ensure its wearing at the same rate as the copper. 
The complete commutator is pressed on the spider which holds the armature core. 

The photograph in Fig. 377 shows the complete armature. 

The pinion is made of forged steel with machine-cut teeth, and the gear wheel 
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Fig. 378. OUTLINE DRAWING OF 150 H.-P. SINGLE-PHASE SERIES WOUND RAILWAY MOTORS, АЗ 
MANUFACTURED BY THE BRITISH WESTINGHOUSE ELECTRIC AND MANUFACTURING 00. 
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is made of cast steel with machine-cut teeth. The gears have a diametrical pitch 


of 23 in. and 5 in. width of face. 
It is stated that the completed motor will stand a momentary puncture test of 


2,000 volts alternating H.M.F. 
Figure 378 shows an assembly drawing of the motor, whilst the photographs 


in Figs. 879 and 380 show the field frame. The former shows the frame with the 
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Fig. 380. FIELD FRAME оғ BRITISH WESTINGHOUSE 00.73 150 H.-P. SINGLE-PHASE RAILWAY 
MOTOR WITH BOTH THE NEUTRALISING WINDINGS AND THE MAGNETISING COILS IN PLACE. 
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Fig. 381. DIAGRAM, SHOWING RELATIVE ELECTRICAL CONNECTIONS BETWEEN AUTO- TRANSFORMER 
AND PREVENTIVE Соп, AND VOLTAGES APPLIED TO MOTORS FOR THE SEVERAL POSITIONS OF 
MASTER CONTROLLER (BRITISH WESTINGHOUSE ELECTRIC AND MANUFACTURING Co.). 
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neutralising windings only in place, and the latter the frame with the field coils also ` | 
in position. It will be noticed that the field coils сап be removed without interfering 


with the neutralising winding. 
The function of the auto-transformer is to transform the line voltage, which in 
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Fig. 382. DIAGRAM, SHOWING. DISTRIBUTION OF CURRENT WITH CONTROLLER IN SECOND 
Position (British WESTINGHOUSE ELECTRIC AND MANUFACTURING Co.). 
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Fig. 883. DIAGRAM, SHOWING DISTRIBUTION OF CURRENT WITH CONTROLLER IN TRANSITION FROM 
SECOND то THIRD POSITION (Ввилзн WESTINGHOUSE ELECTRIC AND MANUFACTURING Co.). 
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practice varies from 3,300 volts to 18,000 volts, according to the magnitude of the 
undertaking, to the low voltage required by the motors (160 to 280 volts). The 
transformer is of the single-winding type, in which one end of the winding is connected 
to the trolley and the other is permanently connected to earth. At the earthed end 
of the winding, various taps are brought out, giving suitable voltages for supply to 


һе motor terminals, as illustrated in Figs. 381, 382 and 888. Auto-transformers are 


OTT aD р 


` usually made either of the air blast type, in which case the air blast is furnished 


by a small motor-driven fan mounted in the case of the transformer; or else of the 


— | 


Fig. 381. PHOTOGRAPH оғ THE HiGH-TENSION END oF AN Aru-BLAST Туре оғ AUTO- 
TRANSFORMER, AS EMPLOYED IN THE BRITISH WESTINGHOUSE Co.’s SINGLE-PHASE RAILWAY 
SYSTEM. 


oil-insulated, self-cooling type, in which case the transformer winding is wholly 
immersed in insulating oil carried in a metal case. 

The photograph in Fig. 384 illustrates the high tension end of an air-blast 
auto-transformer, and Fig. 385 gives the outline of an oil-insulated auto-transformer. 

The unit switches shown in Fig. 386 take current from the various low tension 
tappings of the auto-transformer and deliver it to the motors. These switches are 
eaused to open or close by air pressure acting on small pistons. The compressed air 
is admitted to, or released from, each unit-switch cylinder by means of a small pin 
valve which is operated by an electro-magnet. The eleetro-magnet is controlled by 
the motormau by means of the master controller. The dlactro-prieumatie control of 
the unit switches is common not only to this system but to the Westinghouse con- 
tinuous-eurrent railway controllers and the Westinghouse railway signalling system. 
With this system of control, the unit switehes and reversers throughout a train are 
made to move in unison under the action of one master controller, by means of a 
small multicore cable which connects all the master controllers, switch groups, and 
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reversers, on a train in parallel. This multicore cable is joined up between cars by 
plug-and-socket and flexible connections. 
In operation, two of the unit switches are always closed whilst the master 
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OUTLINE DRAWING OF OrL-INSULATED AUTO-TRANSFORMER BY THE BRITISH 
WESTINGHOUSE ELECTRIC AND MANUFACTURING Co. 


controller is on a running point, and the current which they furnish is led to the 
two ends of the preventive coil. 

The preventive coil is used for the reason that it permits the circuit to the 
motors to be maintained unbroken when passing from one voltage to a higher or 


Fig. 386. ELECTRO-PNEUMATICALLY-CONTROLLED UNIT SWITCHES, AS EMPLOYED IN THE 
BRITISH WESTINGHOUSE Co.’s SINGLE-PHASE RAILWAY SYSTEM. 
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_ lower voltage tap, since two of the unit switches can be closed simultaneously without 
“оса! currents between them being developed. 
The reverser receives current from the preventive coil and delivers it to the 


Fig. 387. BRITISH WESTINGHOUSE Co.’s SELF-REVERSING PANTOGRAPA TROLLEY. 


motors, which are connected in parallel. The reverser is connected in such a way 


as to reverse the fields of the 


. motors and not the armatures. 


4 


The reverser is operated by 
means of air pressure acting on 
pistons controlled by electro- 
magnets on the same system as 


` described above in the case of 


the unit switches. An interlock 
on the reverser makes it im- 
possible for any current to be 


‚ delivered to the motors until the 


reverser has been thrown in the 
right direction. Тһе movement 
of all the reversers on а train is 
effected simultaneously, as in 
the case of the unit switches, 
through the movement of the 
master controller. 

The master controller con- 
sists of a very small drum-type 
controller. The handle is moved 
to the right or left according to 
the direction in which it is 
desired to move the train. In 
Fig. 376 there is shown a dia- 
grammatic development of the 
master controller, in which the 
successive running positions, 


Fig. 388. Ввітівн WESTINGHOUSE Со.'з SELF-REVERSING 
PANTOGRAPH TROLLEY. 


from one to five, are clearly indicated together with the different switch combinations. 
Owing to the fact that the voltage on the motor terminals is varied by varying the 
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connections from the auto-transformer, and not by the interposition of resistance, | 
as in the case of continuous-current railway practice, every notch on the master- 
controller is a running notch, and the train can be held at the corresponding speed . 
for any length of time without rheostatie losses. ' } 

Та the case of small cars operating at moderate speeds, а wheel type of trolley 
may be used, provided that it is thoroughly insulated from the car body. On the 
heavier types of vehicle and on locomotives the self-reversing pantograph trolley has 
been found most successful. Photographs of this type of trolley are given in 
Figs. 387 and 388. The pantograph type of trolley is suitable for the highest speeds, 
as, owing to its great width, there is no possibility of its jumping the trolley wire. 
The trolley is of the self-reversing type and is brought up into the running position 


Fig. 389. BRITISH WESTINGHOUSE Co.’s EXHIBITION CAR Ат TRAFFORD PARK, MANCHESTER. 


The car is equipped with the British Westinghouse Co.'s Single-Phase Railway System. 


in contact with the trolley wire, or withdrawn, so as entirely to isolate the сат from 
the high tension supply circuit by means of air pressure. The control of this air 
pressure is effected by means of a special three-way cock fitted in the driver’s cab. 

Fig. 889 isa photograph of the exhibition car at the Trafford Park Works of 
the British Westinghouse Electric and Manufacturing Company. The car is equipped 
with four 100 h.-p. single phase railway motors and with the electro-pneumatic 
multiple-unit switch control. The trolley pressure on this exhibition line is 3,300 
volts, and the car is fitted with ammeters, voltmeters, and wattmeters for making 
complete observations. 


The several types of single-phase traction motor have been somewhat hastily 
reviewed, for, while their properties are of great interest, the fact of greatest present 
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commercial significance is that the net results are strikingly alike in all types. Their 
respective features of superiority and inferiority are of a minor character, and largely 
offset one another. Hence we may, in much of the following discussion, allude to 
the “ single-phase commutator motor " аз having certain properties, without reference 
to the particular type. 

The “single-phase commutator motor" may be said to be characterised by the 
following features of inferiority :— 

„А considerable loss by hysteresis and eddy currents in the stator, not present in 
the continuous-current series motor. 

In all types, a greater commutator loss due to the desirability, if not necessity, of 
employing a lower commutator voltage than is customary in the continuous-current 
motor. 

In the Latour-Winter-Hichberg motor, a still further commutator loss due to the 
extra short-circuited brushes. 

An efficiency at all loads, and particularly at light loads, considerably inferior to 
that of the continuous-current series motor. 

(Commutation decidedly inferior, at any rate at starting with heavy torque, to that 
obtained in the continuous-current series motor.) 

‘A considerably larger and more expensive commutator than is employed in the 
continuous-current motor. 

_/ Chiefly on account of the larger internal losses, a considerably larger, heavier, and 
ore expensive design in general, than for the continuous-current motor. 

A greater liability to breakdowns between turns in the field windings than in the 
continuous-current series motor, even when much more liberally insulated, and a 
temporary complete disablement of the motor when such a breakdown occurs, 
whereas in the continuous-current motor a short-circuited field turn does not disable 
the motor. 

/А power factor averaging, in actual service, considerably less than unity. 

An amount of auxiliary apparatus on the train, greatly exceeding in weight and 
cost, that employed for the continuous-current series motor. 

By these means there have been obtained— 

A speed torque characteristic about equivalent to that of the continuous-current 
series motor. 

Regulation by voltage control, thus dispensing with rheostatie losses. 

Ability to transmit by high tension alternating current right through from power- 
house to train, any desirable intermediate transformations of voltage being accom- 
plished by means of stationary transformers, thus avoiding expensive and inefficient 
rotary eonverter or motor-generator sub-stations. 


1 The coil short-circuited under the brushes constitutes, at the moment the motor is throwu on 


the line, a stationary secondary circuit in which large currents are induced by the alternating magnetic 
d depart from this position, and 


flux. As the motor starts, the armature turns successively occupy an 

occasion considerable sparking as well as a considerable І.К. loss. In discussing this point, Lamme 
states (American Institution of Electrical Engineers, January 29th, 1904) :--“ The short-cireuit current 
at start is one of the most serious conditions which confront us in alternating current motors, and is 
also of great importance where there is any considerable operation on low speeds. The speaker 
advocates a type which he considers gives the easiest condition in this regard. This short-cireuiting 
ny of the motors brought out, without adopting abnormal and ques- 


cannot be entirely avoided in à 
tionable constructions, although devices like narrow brushes, sandwich windings, etc., have been 


proposed.” 
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Although progress in the development of the single-phase commutator motor has 
been rapid, it would appear unreasonable to look forward to very considerable further 
improvements in those respects where it is still distinctly inferior. On the other 
hand, not only are there also numerous undeveloped features in the continuous-current 
railway motor, but there are other single-phase railway systems where the motors 
driving the train need not, and probably would not, be of the single-phase commutator 
type. One very meritorious and promising system of this kind is that developed 
by the Oerlikon Co., where the motors driving the train are of the continuous- 
current type. In this system, the locomotive carries a single-phase motor, preferably 
of the synchronous type, which drives a continuous-current generator, the voltage of 
which is varied by field control. The speed of the motors driving the locomotive or 
car-axles is thus effectively controlled without the use of rheostats, and regenerative 
braking is exceedingly simple and effective. The continuous-current motors need not 
be located exclusively on the locomotive, but may, in the interests of obtaining a high 
rate of acceleration, be distributed on the trucks of the carriages, thus securing some 
important advantages of the multiple-unit system. In the Oerlikon system, a high 
efficiency during acceleration is obtained, for whatever the rate of acceleration, and 
whatever the current consumed by the driving motors, the current drawn from the line 
is proportional merely to the current consumed by the traction motors plus the internal 
losses in the motor-generator set, and no energy is wasted in rheostats or other controlling 
devices. This system has been illustrated in Figs. 816 and 817, on рр. 851 and 352. 

Wherever alternating current may come to be employed for railway electrification, 
the importance of low periodicity should not be underestimated. 16 is true that this 
involves still heavier transformers and other control apparatus, but it is also true 
that the chief consideration is the production of a light and efficient motor with high 
power factor, a small diameter, and а reasonably deep air gap. The fulfilment of these 
requirements involves a reduction in the size of the commutator and of the commutator 
losses without sacrifice of good commutating qualities. To reduce the size of the 
commutator and the commutator losses the use of a higher commutator voltage is 
necessary, and this will be the more practicable the lower the frequency. With a lower 
frequency, a good power factor may also be obtained with a deep air gap; and a smaller 
rotor diameter will be consistent with a good design. 

In the design of the commutatorless induction motor, high rated speed is attended 
with advantages more or less equivalent to those associated with low periodicity. This 
is not the case with the single-phase commutator motor, for the use of a commutator 
involves the necessity of keeping within moderate speeds, if the best results are to be 
secured, and a low frequency becomes all the more important. 

The economic speed of the single-phase commutator motor, while lying consider- 
ably below that of the induction motor, will nevertheless be higher than that of the 
continuous-current motor, for the reason that the voltage causing sparking, depends, 
not upon the speed alone, but has a component, which is independent of the speed, 
generally considerably larger than the reactance voltage. 

In Fig. 890 are given comparative curves of efficiency of continuous-current and 
single-phase commutator motors, the efficiencies in both cases corresponding to the 
highest speed notch of the controller. The continuous-current motor has only one 
other really efficient position, the full series, and intermediate positions involve 
rheostatie losses. The single-phase motor, on the other hand, has, in virtue of the 
method of regulation by voltage control, a separate efficiency curve with a fairly high 
point of maximum efficiency, corresponding to every controller notch. This is 
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| illustrated in Fig. 391, which represents a group of efficiency curves of the same 

| Latour-Winter-Hichberg motor for which the efficiency at Ше highest notch has 
been given in Fig. 890. 

| Thus, while the maximum efficiencies of single-phase commutator motors are 

` considerably lower than the efficiency of the continuous-current motor on the running 
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Fig. 891. Hrrrcrency CURVES OF LATOUR- WINTER-EICHBERG MOTOR. 


points of the controller, this is partly made up for by the greater number of efficient 
running points in the single-phase system. 

Attention should be drawn to another point, namely, the maximum output of the 
two types of motor. While, as is well known, the output of the continuous-current 
series motor is limited only by the heating, the maximum output attainable by the 
single-phase commutator motor is, for any voltage, sharply defined. A glance at 

‘the second and fourth vertical columns of Fig. 390 shows that these two repulsion 
E.R.E. | 417 ЕЕ 


ELECTRIC RAILWAY ENGINEERING 


motors, rated respectively at 60 h.-p. and 175 h.-p., cannot, at the highest voltage, 
carry overloads exceeding 25 per cent. and 15 per cent. respectively, whereas, with _ 
continuous-current motors for these rated outputs, momentary overloads of 100 per cent. | 
and more, occasion no difficulty. When the curves of single-phase motors are plotted | 
with amperes as abscisse, as in Fig. 392, this limiting overload is not so clearly 
apparent; it is only evident that the current increases rapidly with decreasing 
speeds. The efficiency curve of Fig. 890 is merely transformed from the corre- 
sponding curve of Fig. 390. 

The power factors corresponding to the same four motors are given in the second 
horizontal row of Fig. 890, and from these, together with the efficiency values, the 
curves in the lower horizontal row of Fig. 890 have been prepared, showing the 
volt-amperes required per horse-power developed, by the continuous-current and the 

single-phase systems respec- 


apparatus and line will be full 
ЕЕН 40 per cent. higher. While this 
Mt TT T зоро also applies to the Latour- 
S Winter-Eiehberg system so far 
E АН МКД ав relates to Ше du faetor 
at the motors, the system has 
2 the great advantage over the 
ре оок ае other two systems, that the 
power factor at the generating 
plant will be greater. For while 
some motors will be starting and 
running at speeds below the point of unity power factor, and thus will be taking a lagging 
current from the line, other motors will be running above the point of unity power 
factor, and will be taking a leading current from the line. By intelligent operation, the 
lagging and leading currents may largely neutralise one another on a fairly extensive 
system, and thus the generating plant might, under favourable conditions, be designed 
for approximately unity power factor. This is a most important feature, reducing, 
as it may, the capital outlay for the generating plant and the transmission system. 
There is, of course, much to be said on behalf of the single-phase system, but 
since this system has most strenuous advocates, it is not proposed to go into the 
question further than has already been done, since it is believed that, in spite of the 
necessity, in the interests of an intelligent comparison, of calling attention to some 
weak points of the single-phase system heretofore overlooked, its merits have also been 
fairly admitted. It is to be hoped that further progress in the improvement of the 
single-phase motor may lead to the production of a thoroughly satisfactory system for 
the purposes of the electrical operation of main line railways. For dense service, 
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` "however, there appears to be no sufficient reason to look for the early supersession of 


the continuous-current motor. 

We thus see that the most unsatisfactory aspects of the single-phase system 
relate to the rolling stock equipment. 

The use of high tension continuous current, on the other hand, affords a sound 
engineering basis for railway eleetrification. On p. 360 allusion was made to proposi- 
tions on these lines as laid down by one of us some years ago. Although at that time 
the proposition met with no eneouragement, a very considerable revulsion of opinion 
has lately taken place, and the subject of high voltage continuous current railway 
electrification is now beginning to attract the very considerable attention which it 
merits. Under these circumstances the writers have sought and obtained the 
courteous permission to reproduce the article in question. 


The Continuous-current System and the Single-phase System for Traction. 


Many hundreds of thousands of continuous-current railway motors are now in use, 
and are giving excellent satisfaction. Тһе field of operation for electric traction has 
been rapidly extended, and it has encroached heavily upon the suburban and inter- 
urban traffic heretofore handled exclusively by the main steam lines. 

The replacement of steam by electric traction on main lines is still of doubtful 
economic practicability, although much attention has been given to the subject. 

The economic impracticability of operating main lines electrically has related 
chiefly to the difficulty of obtaining any approximation to a uniform load, for, pro- 
viding the traditional limit of 650 volts at the train is accepted, the sub-stations 
cannot be many miles apart, and at the customary spacing and speed of through 
trains, a sub-station will be alternately running idle for long intervals and loaded for 
short intervals. Several times more capacity of sub-station apparatus will, therefore, 
be necessary than would be the case could the same amount of work be done at a 
uniform rate. Moreover, the average efficiency is excessively low, owing to the large 
constant losses in such a large installation of lightly loaded machinery. At first 
sight, the natural solution would appear to be to operate by single cars instead of by 
trains. While this would greatly improve the load factor, it would increase by from 
100 per cent. to 200 per cent. the work required to be done per ton hauled a given 
distance! at a given speed. This would at any rate be the case at speeds above 
50 miles per hour. Furthermore, there would inevitably be greater danger and 
expense in operating at a schedule speed of 60 miles per hour, six carriages at 5- 
minute intervals, as against one train per half-hour. Were it not for the enormously 
increased friction incurred by single-car operation, this would, however, be the plan 
which would be followed; and it may, to some extent, indicate the lines on which 
main roads will ultimately be operated. 

An increased permissible voltage would permit of fewer, larger, more uniformly 
loaded, and more economical sub-stations situated at greater distances apart. 

The possibilities in this direction, as associated with the use of continuous- 
current motors, have been but little considered. Тһе hopelessness of the case from 
the standpoint of any such low voltage as 650 has generally led to the expectation 
that some solution by alternating current motors would ultimately be found. A good 


1 Armstrong, “High Speed Electric Railway Problems,” American Institute Electrical 
Engineers (June 80th, 1903). 
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deal of tentative work with three-phase motors has been carried out during the last 
few years, but the difficulties associated with two insulated conductors, lack of speed 
flexibility, and a number of other disadvantages more or less consequent upon the 
latter, have sufficed to dampen the enthusiasm of many engineers who were originally 
very sanguine along these lines. 

The application of the commutator to the polyphase motor afforded considerable 
promise of giving it greater speed flexibility. Hardly, however, was this appreciated 
before the single-phase commutator motor was brought to a commercial stage of 
development. This naturally concentrated attention upon the problem of the single- 
phase operation of main line railways, for the single-phase commutator motor not only 
affords speed flexibility, but also avoids the necessity for two insulated conductors. 

It is reasonable to base upon these developments, renewed hopes of solving the 
problem of the electrical operation of main lines. Is it, however, reasonable or just 
to the continuous-current motor to disregard its undeveloped possibilities, especially 
in the matter of operation at higher voltage? Aside from the question of main line 
traction, there is a large field for interurban electric traction and for extensive urban 
and suburban systems. Doubling or trebling the voltage at the train would at once 
immensely extend the range of economie working. There are the further possibilities 
associated with two commutators, or even two motors in series, and treated as a single 


unit. Series-parallel control is well within the range of the practicable at such voltages; . 


indeed, the controller problem is, in some respects, simplified by the reduction of the 
current through increased voltage. But in high speed suburban and interurban work, 
with infrequent stops, rheostatic control need detract but slightly from the efficiency, 
and as it is for just such work that the higher voltages are desirable, the argument 
would, from the continuous-current motor’s standpoint, be but slightly impaired by 
the assumption of rheostatic control. 

It appears the more desirable to speak on behalf of the continuous-current motor 
in this connection since, contrary to expectations, it is not so much for main line 
work, but more especially for urban, suburban, and interurban work, that the 
single-phase motor is at present being strongly advocated. 

Thus Mr. P. M. Lincoln? states :—‘Interurban electric traction work is, in my 
opinion, the peculiar field for the alternating current system”; also, ‘ When stops 
are few, and consequently runs are long, . . . the advantage of the alternating 
current system is not so greatly marked. With short runs, on the other hand, and 
consequently frequent starts, . . . the alternating current system can have the 
greater advantage.”’ 

Mr. В. С. Lamme states :—“ It thus appears that, while suburban work was once 
thought to be the most important field for the single-phase railway, it has now become 
evident that city work, where traffic is very congested in parts of the system, will 
prove to be one of the best fields for this system.”? 


1 With correctly designed modern motors, the necessary speed variation at constant load may be 
obtained by a rheostat in parallel with the field, and hence efficiently. 

? Electrical World and Engineer, December 12th, 1908. 

3 In the same article (Electrical World and Engineer, December 26th, 1903), Mr. Lamme also 
states :— Of course, it is recognised that for heavy railroad service, where all kinds of speeds should 
be obtained economically, the single-phase railway system will undoubtedly show to great advantage 
compared with any known continuous-current system. But, as considerable time will be required to 
equip any railroad service, it is probable that the single-phase railway system will be well tried out 
before there is a good opportunity to give it a thorough trial for heavy work." 
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Armstrong and others see the greater possibilities in main line work, and this 
would seem to be the sounder position. 

Inasmuch as superior merits for the crowded traffic conditions of large cities have 
been claimed for the single-phase commutator motor, it is of interest to compare 
the respective features of the continuous-current and the single-phase motor, since for 
crowded city work the former is at present exclusively employed. 

For a given voltage, the single-phase motor has the larger commutator, in order 
to take care of additional parasitic losses. The satisfactoriness of the design of the 
single-phase commutator motor is 80 dependent upon low voltage, that considerably 
less than 500 volts is advocated for some types, and is probably desirable for all. 
This leads to a further increase in size of commutator, and in the magnitude of the 
commutator losses. The more recent types of single-phase motors have an extra set 
of short-circuited brushes, thus two sets of brushes per pole, as against one set per 
pole for the continuous-current motor. The commutation will not be better than for 
the continuous-current motor. 

The field spools of the alternating current motor have much the higher voltage 
per turn, and a breakdown in the insulation between one turn will occasion heavy 
induced currents in the short-circuited turn, promptly leading to the disablement of 
the motor for the time being. Such a breakdown does not result from the 
short-circuiting of a single field turn in a continuous-current motor. 

The internal losses inherent to the single-phase motor are, according to rated 
capacity, periodicity, speed, and voltage, at least from 15 per cent. to 85 per cent. 
greater than for the equivalent continuous-current designs? Szasz (Zeitschrift für 
Elektrotechnik for November 22nd, 1903, pp. 651—658) estimated that the losses in 
the single-phase commutator motor are much in excess of these figures. The motor 
must consequently be larger and heavier or run warmer for a given performance. 
The efficiency is consequently considerably less. It has been pointed out by Szasz 
in the article above referred to, that in the compensated type of single-phase motor 
the efficiency falls off badly above and below certain very limited conditions of load 
for given ratios of transformation. This is also evident from Figs. 898 and 394. 
Hence a good deal of intelligence would require to be exercised by the driver 
in operating on the most efficient controller notches for all conditions. Szasz points 
out that the efficiency curve of the continuous-current series motor is far better 


sustained throughout a wide range of conditions. 


1 These, and practically all the disadvantages of the single-phase motor, have been admitted by 
its advocates with commendable frankness. 

2 Lamme states the efficiency of the single-phase motors to be from 1 per cent. to 5 per cent. less 
than that of the continuous-current motor (Electrical. World and Engineer, December 26th, 1908, 
рр. 1048—1046). In this article Lamme gives the following useful summary of the component losses 
in the single-phase commutator motor :— 

(1) Iron loss due to reversals of magnetism in ar 
circuit ; ь 
(2) Armature iron loss due to variations in magnetism, dependent upon rotation of the armature ; 
(3) Ітоп loss in the surface of the field and armature due to the bunching of magnetic lines from 


the teeth of either element ; 
(4) Losses in field windings ; 
(5) Loss in armature windings ; 
(6) Brush losses ; 
(7) Friction and windage. 
And on comparing each in turn 
- fourth, is as low as in the continuous-current motor. 
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mature and field at the frequency of the supply 


he shows that, of these seven component losses, only one, the 
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The inferiority of the single-phase commutator motor as regards efficiency may be 
seen from Figs. 398 and 394, relating respectively to Ше Winter-Eichberg! motor and the 
Finzi motor. The curves in Fig. 398 are taken from Mr. Eborall’s recent paper 
entitled “ Electric Traction with Alternating Currents.” Тһе full line curves relate to 
the efficiency of the single-phase, and the dotted curve to the efficiency of an equivalent 
continuous-current motor. In Fig. 394 the full line curve represents the efficiency 
of the Finzi motor tested at Milan, and the dotted curve represents the efficiency 
of an equivalent continuous-current motor. The data for Dr. Finzi’s motor are derived 
from Diagrams 1 and 2 of the Electrical Review of November 18th, 1903, Vol. 
LIIL, p. 769. Тһе continuous-current motor used in this comparison is a standard 


Per сеп. Efficlency 


Per cent. Effictency 


Groken Line - ЕМ of 125 Н.Р. cont. current 500 volt Motor 
on Central London Railway. 


Broken Line - Eff. of 27 H.P. geared cont. current 500 volt 
Motor (See "Elec. Gens." figs, 280 and 282, 
р. 250. 


Full Lines - ЕН. Curves of Winter-Eichberg 125 Н.Р. Single- 
Phase Motor, 


The curves in this figure have been detived тот the curves 
In Fig. 9 on page 194 of “Electrical Review" for 
January 29, 1904 Eboral's Paper on "Electric 
Traction with Alternating Currents"), 


Full Lines ~ Efficiency Curves of Finzi's Milan Motor at 
BO, 100, 120, 140 and 160 Volts ‘See “ Electrical 
Review" tor November 13, 1903, Vol. 53, р. 761, 
Diagrams 1. and Il. 
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OowTINUOUS-ÜURRENT AND SINGLE- ConTINUOUS-CURRENT AND SINGLE- 


PHASE” MOTORS. PHASE MOTORS. 


27 h.-p. motor for which efficiency and output curves are given in Figs. 281 and 288 
on р. 276 of “ Electric Machine Design.’ 

The power factor of the single-phase commutator motor falls considerably short 
of unity for all except a very narrow range of loads. In the case worked out by Mr. 
Lincoln the average power factor at the generators is 0°85. The power factor during 
acceleration is exceedingly low. 

For the single-phase system considerable auxiliary apparatus is required on the 
car. This consists chiefly of step-down transformer and voltage regulator. Such 
apparatus is heavy and expensive, and introduces further losses. Тһе motors 
themselves are admittedly (Lincoln) heavier and more expensive. 

In the case worked out by Lincoln,’ а car equipped with the single-phase system 


1 The motor to which the tests refer was designed by Messrs. Winter and Eiehberg. As is well 
known, this type of motor, which has been developed by Latour in France and by Winter and Eiehberg 
in Germany during the last few years, has brought the single-phase motor nearer to a distinctly 
commercial stage of practicability for traction and other purposes. 

3 “ Electric Machine Design,” Parshall and Hobart, London, Engineering, 1906. ` 

* “Interurban Electric Traction Systems, Alternating versus Direct Current," Electrical World 
and Engineer, December 12th, 1908, p. 951. 
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weighed 41:8 tons complete, as against 85 tons for the continuous-current equipment. 
The total weight of electrical apparatus carried, is thus in the single-phase system, well 
on towards double the weight in the continuous-current system. This is confirmed by 
Lincoln’s figures, which show over 60 per cent. greater cost per (electrical) car equip- 
ment. Sixty per cent. greater cost in such apparatus is associated with a considerably 
higher percentage increase in weight. 

The preparation of a rigid quantitative comparison is, in such a case as this, beset 
with difficulties, but it should be evident from the data set forth, that pending con- 
siderable further development, the continuous-eurrent motor has as yet no rival in 
city and suburban work. 

For interurban work, it is believed that the 600-volt continuous-current motor 
can generally hold its own; nevertheless there appears insufficient reason why 
advantage should not be taken of the higher economies incident to employing higher 
voltage at the motor. 

Thus in Lincoln’s comparison of a 60-mile interurban line, 600 volts is taken for 
the continuous-current system, and a cost for the secondary network amounting to 
80 per cent. of the total cost of the electrical system is deduced. Іп fact, it is only by 
comparing a 8,000-volt secondary network for the single-phase system with a 600-volt 
network for the continuous-current system that an advantage appears to be obtained 
for the single-phase system. 

The following criticisms of Mr. Lincoln’s estimate appear sound :— 

(1) That he overlooks the fact that single-phase generators cost some 30 per cent. 
more than polyphase generators for the same rating and guarantees ; 

(2) That he overlooks the increased cost of low periodicity transformers ; 

(8) That there is no reason to employ many small and expensive single-phase 
transformers for the polyphase central and sub-stations: it is only in America that 
this has been customary, and now large polyphase transformers are being substituted 
for groups of single-phase transformers in America also ; 

(4) That the single-phase generating plant is not sufficiently liberally proportioned 
jn view of the poor average power factor ;- 

(5) That, since the chief handicap of the continuous-current system is, ав Mr. 
Lincoln has pointed out, the low tension conducting system, the voltage should have 
been increased, as this is a perfectly sound proposition in the present state of 
the art, much more sound than some of the features of the single-phase system he 
describes ; 

(6) Large transformers are artificially cooled, and some attendance, such as very 
frequent patrolling, 18 advisable for the sub-stations, even with the single-phase 
system ; | 

(7) The high voltage per turn in the field spools of the alternating current system, 
the less satisfactory commutation, and the more complex auxiliary apparatus will 
inevitably result in a higher percentage depreciation than for the continuous-current 
equipment : nevertheless Mr. Lincoln takes 10 per cent. for the former and 12 per 
cent. for the latter. 

Let us compare Lincoln’s 60-mile road, introducing justifiable corrections for his 
single-phase figures, and substituting for his 600-volt continuous-current system, with 
sub-stations, a system with two continuous-current generating systems located 
respectively 15 miles from each end of the system and 30 miles from one another. 
These stations shall be equipped with slow speed 1,350-volt continuous-current 
generators, and the cars shall be fed at an average voltage of 1,300. Each car shall 
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carry two 650-volt motors connected in series and operated as a 1,800-volt unit. The 
acceleration shall be rheostatie.! 

The 60-mile road is operated 
on a schedule speed of 30 miles per 
hour, with 80-second stops every 2 
miles. The cars run half an hour 
apart. The braking is at the rate of 
2:0 miles per hour per second (0°89 
Л metres per second per second), and 
mU the accelerating is at the rate of 1:0 

Ae АА miles per hour per second (0:45 

d metres per second per second). The 

[Ee continuous - current car complete 

ire ИТП О I VERAT ااا‎ weighs 36 tons, and the single-phase 

| Minutes car 41°3 tons. The former carries 

Fig. 395. DIAGRAM ror CoNTINUOUS-ÜURRENT two 150 h.-p. motors, and the latter 
А two 165 h.-p. motors. 

The diagram of cyclic operations 
given by Mr. Lincoln for the continuous-current equipment becomes modified, 
owing to rheostatic control, to 
that given in Fig. 395, the average ед 
input now being 77:5 kilowatts, « = 
instead of 67:2 kilowatts, an 199 250 so 
increase of 15 per cent. due to Б. 


rheostatie control. In arriving ЕЛГ | E | 
SADU 


1 


at this figure the weight of car 
is taken at 36 tons, as against 
Mr. Lincoln’s 85 tons, to cover 
the increased rheostatic capacity МЕЙ 
required. Mr. Lincoln’s diagram „о во to 
for the single-phase equipment 
is reproduced in Fig. 896,2 and 
his figure of 73:9 kilowatts average 
input for the single-phase equip- 
ment will be employed, except 
that to it must be added the losses in the other apparatus on the car, which, from 
his data, is seen to introduce an increase of 5 per cent. 

Hence the average input per car = 77°5 kilowatts for the single-phase 
equipment. 


ШЕНІ 


B 
ED 


о 5 го 45 20 25 30 35 40 


Minutes - 


Fig. 396. DIAGRAM ков SINGLE-PHASE 2-MILE RUN. 


By merely adding ordinary series-parallel control apparatus to the equipment of such a car it 
may be run through cities already provided with a 600-volt trolley system, and will give a high 
efficiency even with the number of stops per mile necessary in such crowded traffic. With the single- 
phase equipment, on the other hand, such combined service, as pointed out by Lincoln, would lead to 
further serious complications owing to the essentially different conditions introduced by the very low 
voltage of the motors. 

* From Fig. 396 it is evident that the average power factor during starting is very low, and this 
leads to such large losses due to the wattless component’s I?R loss in generators, transformers, line, 
and motors, as to largely offset any gain through avoidance of the use of rheostats in starting. 
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1 CoNTINUOUS-CURRENT RAILWAY SYSTEM. 
Average KW. at car in typical 


| 2-mile run (Fig. 895) 1.  .. 775 KW. 
Number of cars running at one 
time ... : о EA ses 8 
Number of попа ы Бы ч 2 
Average numberof cars рег station ' 4 
Average volts аф car... ... .. 1,800 volts. 
| Average current рег саг ... ... 595 amps. 
Average current per station ... 288 amps. 
Resistance of 15 miles of 80-1Б. 
track rail and 60-10. third rail... 1:13 ohms. 
Average line loss per station... 17:0 ку. 
Average KW. per station at cars... 810 xw. 
Average күү. per station at station 327 Kw. 
Рег cent. loss іп third rail... ... 5'2 per cent. 
Maximum load per station... ... 800 Kw. 


(Each power-house requires three 300-куг. generat- 
ing sets, of which one is a spare, each gene- 
rator built for a guaranteed capacity of 50 per 
cent, overload for 1 hour.) 

Average KW. for whole system ... 654 Kw. 


MOTOR CARRIAGES 


SINGLE-PHASE RAILWAY SYSTEM. 


Average real kw. at car in typical 
2-mile run (Fig. 396) 

Number of carsrunning at one time 

Number of sub-stations 

Average number of cars per gib 
station.. Я 

Average apparent KW. eI car 

Average volts per car 

Average current per car 

Average current per sub- station... 

With sub-stations 12 miles тя. 
80-lb. track rails, and No. 0000 
В. and 5. trolley wire, the resist- 
ance between sub-stations allow- 
ing for increased rail resistance 

Average real kw. per sub-station 
аф cars.. 


- Trolley EX rail jos: Ay Suit 


station .. : 

Per cent. Joss in waley ad zils 

Average real күү. per sub-station 
at sub-station 

Per cent. loss in step- down КО 
formers 

Per cent. loss in їйдї, "eee Im 

Per cent. loss in Ber up trans- 
formers 

Totalpercentage Е ер to ot 
ary distributing system .. 

Average real KW. delivered to 
secondary distributing system 

Average real күү. generated at 
power-house.. 

Average E KW. eem 
about ... 

Maximum load E Sub: CRUS (50 
cars starting with, say, 275 
apparent Kw. each) 

(One 350-kw. transformer will 
take care of this with 57 per 
cent. overload.) 

Average load on  sub-station, 
about ... 

(These те, ате uf. 
ciently large to take care of 
load if one is cut out.) 

Maximum load on power-house in 
apparent KW., вау. ` 
(Can be taken care 27 СЫ ieee 

525-Kw. generators, one for 
spare.) 

(Each generator ‘built for gua- 
ranteed capacity of 50 per exe 
overload for 1 hour.) 

Average real kw. for whole system 

Average apparent KW. for whole 
system... 
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175 KW. 
ыс 
5 
16 
89:0 
8,000 
29-7 amps. 
475 amps. 


4:20 ohms. 
194 kw. 


88 KW. 
9:8 per cent. 


127 xw. 


8:5 per cent. 
2:5 per cent. 


9:5 per cent. 


8:5 per cent. 


685 xw. 
690 xw. 
810 xw. 
550 KW. 


40 per cent. 


1,400 xw. 
690 xw. 
810 xw. 
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STEP-UP TRANSFORMERS. 


Three 450-xw. transformers—load 
can be carried by two in case of 
emergency. 


Н1ен TENSION LINE. 


SUB-STATION 


One No. 8 B. and S. gauge line 
each way from power-house 
20,000-volt single phase. 

Maximum loss, about 

Average loss, about ... 


EQUIPMENT. 

Four sub-stations; the power- 
house feeds directly into 3,000- 
volt trolley. 

Each sub-station to contain one 
950-xw. transformer and switch- 
board. 


Low TENSION DISTRIBUTING SYSTEM. 


Entire length of track equipped with 60-Ib. con- 
ductor rail, 


Entire length of track equipped 
with No. 0000 В. and 5. gauge 
trolley. 


Car EQUIPMENTS. 


Each car equipped with two 150 
В.-р. continuous-current railway 
motors and rheostatie control. 


Each car equipped with two 165 
h.-p. alternating current rail- 
way motors with multiple con- 
trol apparatus complete. 


ESTIMATED FIRST COST OF ELECTRICAL EQUIPMENT. 
POWER STATION. 


Six 800-xw. 1,350-volt continuous 
current slow speed generators, at 


£1,200 each ... £7,200 
Switchboards ... 1,000 
£8,200 


Three 525-kw. 17-cycle single- 
phase 8,000-volt generators, at 
£2,000 each ... 0b RO 

Three 450-kw. 17-cycle 3,000 to 
20,000-volt step-up transformers, 
at £500 AUR EE. 3 

Exciting generators ... 

Switchboard 


Нтон TENSION LINE. 


Forty-eight miles! of 20,000 volts 
single-phase transmission line, 
No. 8 B. and S. gauge conduc- 
tors, at £240 per mile 

Lightning protection 


8:2 per cent. 
2-7 per cent. 


£6,000 


1,500 
1,000 
760 


£9,260 


£11,520 
400 


£11,920 


+ Another high tension line to be maintained as a spare, at a further cost of some £10,000, ought 


to be provided for the single-phase system, in order to obtain the same immunity from interruption | 


of the service which is provided by the continuous-current system. By the use of two power-houses 
in the latter system, the third rail may be divided into four independent sections. 


high tension line, 
even than that arrived at in the above estimate. 
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With the spare 
the advantage for the continuous-current system would thus be considerably greater 


| Sixty-three miles of 60-Ib. conduct- 


ingrail,at £500 рег mile installed ... £31,500 

Bonding main track—68 miles, at 
280 per пайе он ш. .. -- 5,040 
£36,540 


"Twelve continuous - current car 
equipments complete, consist- 
ing of motors with rheostatic 
control, heaters, and contact 
shoes, at £1,100 each ...  ..  -- £13,200 


i Toran Frrst Cost OF 
£57,940 


Continuous Current System. 
Hight men at power-houses, two 
shifts, average wage £180 per 
sie) Asa eee ОЛ 
Fuel, water, oil, ete., at 0804. per 


Repairs and maintenance of power- 
house, electrical equipment (4 


Repairs and maintenance of third 
rail (1 per cent. of cost per 


The increased outlay incurred by the use of tw 


cost of steam plant is largely offset by the saving obtained through 
buildings. In this connection it may be mentioned that Mr. Line 
depreciation of sub-station plant, and this has not been introduced in the present estimate. 
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SUB-STATIONS. 


Four 350-kw. 17-суе 20,000 to 
8,000 volts step-down trans- 
formers, at £440 each ...  .. 

Five switchboards, at £300 вас 

Auxiliary signalling lines for ope- 
rating sub-station switches 


Low TENSION DISTRIBUTION SYSTEM. 


Sixty-three miles, No. 0000 trolley 
|  wirein place, at £180 per mile 
| Bonding main track, 63 miles, at 
£80 per mile... oae NEG 
Fifteen miles of pole construction, 
not including horse-power lines, 


| аё £126 per mile 


Can EQUIPMENTS. 


Twelve alternating current car 
equipments complete, consist- 
ing of two 165 h.-p. motors with 
multiple control outfit, heaters, 
and trolley, at £1,700 


ELECTRICAL EQUIPMENT. 


ESTIMATE OF YEARLY OPERATING EXPENSES. 


Alternating Current System. 


Five men at power-house, two 
shifts, average wage £180 per 


£2,880 year each 


Two patrol men, two shifts, 


xw.-hour, 4,250,000 xw.-hours --- 5,800 average wage £180 per year ... 


Fuel, water, oil, etc., at 0:254. 
рег kw.hour..  . - 


per cent. of cost per year) = T 328 | Repairs and maintenance of 


power-house, electrical equip- 
ment (8 per cent. of cost) 


Sie) one OS ШЫ 365 | Repairs and maintenance of high: 
Repairs and maintenance of car tension line (5 per cent. per 
equipments (12 per cent. of cost бү 2 0 9 ра өс 
ШӘ) ол 99 4 227 1,500 | Repairs and maintenance of trolley 


(4 per cent. per year) T 
Repairs and maintenance of car 
equipment (12 per cent.) 


Total yearly operating expenses ... £10,373 | Total yearly operating expenses 


о power-houses with the 


£1,760 
1,500 


1,500 


£4,760 


£11,340 


5,040 


£20,400 


£64,610 


£1,800 
720 


4,600 


278 


596 
730 


2,440 


£11,164 


consequent slightly increased 
dispensing with sub-station 
oln makes no allowance for 
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The result shows the single-phase system to be 12 per cent. higher in first 
cost, and 7 per cent. higher in operating expenses for the items taken into 
consideration. l i 

Two power-houses were taken for the continuous-current proposal, as this arrange- 
ment is fairly suitable for the line assumed by Mr. Lincoln for his purposes and for 
1,350 volts at the generators. No especial significance is, however, to be attached to 
such choice. For extensive lines, polyphase generation from a single station would 
often be preferable. Moreover, considerably higher continuous-current voltage at the . 
generators and motors could have conservatively been proposed with further resulting 
economies, not the least of which would have been the employment of a single power- 
house with continuous-current generators for such a case as Mr. Lincoln’s 60-mile 
line. This would have led to lower generating costs, less spare sets, fewer and larger 
units, and a better load factor. 

It is believed that these arguments and comparisons afford ground for the 
opinion that the superiority of the single-phase motor for other than main line 
work is as yet by no means a foregone conclusion. Nevertheless the single-phase 
commutator motor represents a very important advance. It is beyond all comparison 
superior to the commutatorless single-phase motor, and is already not greatly 
inferior to polyphase motors and continuous-current motors. This ig an excellent | 
record for such a brief developmental period. 

The cost of the 1,350-volt continuous-current system used in the present estimate, 
and that of the 600-volt continuous-current system on which Mr. Lincoln estimated, 
are respectively—- 


1,300 volts. боо volts. 


Total first cost of electrical equipment ... 2 E к £57,900 £75,500 
Total yearly operating expenses for power and 
for maintenance of electrical plant  ... P x a £10,400 £11,100 


This shows for the former system an advantage of 80 per cent. in first cost of 
electrical equipment, and of 7 per cent. in total yearly operating expenses for power 
and for maintenance of electrical plant. 

In concluding this chapter we have brought together in Fig. 3964, arranged in 
order of decreasing lengths, examples of eighteen motor carriages used on various railways. 
This has been compiled from the material published by Dawson. In Table CXX. 
we have arranged in tabular form considerable data of interest, which we have 
calculated from the plan outlines of Fig. 3964. 


! Street Railway Journal, Vol. XXVII., No. 14 (April 7th, 1906). 
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TABLE ОХХ. 


Showing the Seating Capacity per Square Foot of Coaches used on Various Railways. 


8 BE m Total Breadth Seats Seat: 
Е EEE Railway. Type of Car. Number Sieh о Bacar > er 
FEES of Seats. “| wall ot | Foot, | 100% 
ен Body). 
| 
| 
1 ВЕ 3 Trailer Car . 5 :| 100 71:85 | 106 0:131 140 
9 | 11013 Central Railway | о. Х 88 | 650 | 106 | 0128 | 1:35 
3 Prussian State Railways . d К pos 2 73 | 61:66) 85 |044 1:18 
4 с 8rd Class Trailer Car . 70 | 56:5 9:0 | 0:188 | 124 
5 | North Eastern Railway | 154 Class Motor Car | 48 |565 | 90 | 0-095 | 0°85 
6 Lancashire and York- {| Motor Car . : i 69 | 61:8 9:86 | 0'114 | 118 
7 | shire Railway | Trailer Сат. д : 66 | 60:0 9:86 | 0:111 | 1:10 
8 3rd Class Trailer . : 64 | 565 8:58 | 0197 | 1:09 
9 Mersey Railway, Liver- | 1st Class Trailer . r 60 | 585 8:58 | 0:12 1:02 
10 pool | | 8rd Class Motor Car . 50 | 59:0 8:58 | 0:099 | 0:85 
11 ( ist Class Motor Car . 48 | 59:0 8:58 | 0:095 | 0:81 
12 Great Northern and City | Motor Car . . : 58 | 49:5 9:88 | 0:125 | 117 
Railway 
18 London Underground (| Trailer. : - - 52 | 50:29 | 8:58 | 0120, 1:08 
14 | Electric Railway Motor Car . ES 502977 SS Оз ИЛИ DOO 
15 Manhattan Elevated Rail- | Motor Car . 5 5 48 | 47:08 | 858 | 0119 | 1:02 
wa, 
16 Berlin Elevated Railway . | Trailer б ò .| 44 | 41.66 | 142 03142, 1:06 
17 Paris-Lyons Mediter- | Motor Car . : Я 86 | 40:58 | 9:42 | 0:092 | 0:89 
ranean Railway 
18 Paris Metropolitan Elec- | Trailer © . А .|- 26 | 25°57 7:71 | 0:182 | 1:09 
tric Railway 
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Chapter X 


TRUCKS | 


3 us are either for a rigid wheel base or for bogie stock. In railway practice | 
proper, the use of rigid wheel bases may be considered as limited to locomotives, | 


since, во far as the authors are aware, there is only one electric railway, the Paris 


Metropolitan, employing motor cars with rigid wheel bases (see Figs. 397 and 398), and | 


Fig. 397. Panrs-METROPOLITAN MOTOR OAR WITE Встр WHEEL BASE. 


these are now being abandoned. From the point of view of truck design, however, it 
is more or less a matter of detail whether the truck is to form part of the under-frame 
of the vehicle itself, as in the case of rigid wheel base stock, or to be merely attached 
to it, as in the case of bogie stock. In either case the truck should be regarded as in 
all respects the equivalent of an electric locomotive so far as relates to general design, 
material, and workmanship, and there is no good reason for relaxing the rigorous 
standards which experience has shown to be necessary in locomotive work. We 
mention this because there is a certain school of engineers and manufacturers who 
appear to regard truck building as an art so distinct from any other branch of 
mechanical engineering, that rough workmanship and inferior material may be 
430 
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employed without corresponding disadvantages. The authors not only find no 
justification for this view, but they have found that in truck work, even more than 
‘in the case of most kinds of machinery, undue reduction of capital cost leads to 
; utterly disproportionate increase in maintenance cost. The writers would further 
` contend that if the use of inferior material and workmanship is unjustifiable on 
stationary plant, where a breakdown usually means mere inconvenience and expense, 
it is nothing short of criminal in the case of rolling stock, where a breakdown ` 
` ds so very likely to involve injury to life and limb. 

’  - The frames employed on the first electric locomotives of any size—those of the 
City and South London Railway—follow the lines of English steam loeomotive practice 
іп that they are built of steel plate riveted up, and with semi-elliptic springs over the 
axle-boxes. Each frame is mounted on four wheels, and carries two motors, the 
armatures being mounted direct on the axles. This type of frame has been followed 


ши аа ہہ‎ 


Fig. 398. TRUCK OF Panrs-METROPOLITAN MOTOR Car wirn Riain WHEEL BASE. 


with practically no alteration for all the locomotives on this line. The construction 
will be understood from the photograph of Fig. 275, on p. 316. 

The first large electric locomotives in the United States—those of the Baltimore 
and Ohio Railway—follow the locomotive practice of that country, the truck being 
built up of wrought iron bars welded together to form a trussed frame. Each frame 
rests on four wheels, and carries two gearless motors. Two of these four-wheel trucks, 
coupled together, form the under-frame of the locomotive. One-half of the cab, 
together with a sloping end, of the type that has been so widely employed for 
electric locomotives, is carried by each truck. This locomotive has been illustrated 
in Fig. 268, on p. 808. The newer electric locomotives of the Baltimore and Ohio 
Railway (see Figs. 269 to 979, on pp. 810 to 819) also have rigid wheel bases, 
but the frames, which are carried on four axles, are equipped with four geared motors. 
In consequence of the decreased weight of the motor, it became necessary in this later 
type, to increase the weight of the frames in order to secure sufficient adhesion. The 
frames are therefore constructed of cast steel, the side and end members being machine- 
fitted and bolted together. The frame rests on four inverted semi-elliptic springs, the 
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| 
1 
ends of the springs resting on the axle-box tops. Тһе locomotive weighs 73 шей! 
tons, and in service two of them are usually coupled together. a 
The locomotives now being manufactured for the New York Central Railway ard 
of the design already shown in Figs. 252 to 954, on рр. 291 to 294. They have gearles 
motors, and, the necessity for added weight in the frames thus being obviated, a Вал 
frame of the American steam locomotive type has been adopted. The locomotive hme 
six axles, of which four—the driving axles—carry the frame direct and two thro gh 
pony trucks, that is, two-wheeled swivelling trucks. 3! 
The frame is supported through equalising levers оп semi-elliptical springs. Th 
equalising lever is practically universal in American locomotive practice, but has be 
comparatively little adopted in this country. Its object, briefly stated, is to enab 1 
short and therefore cheap and compact springs to do the work of longer ones. Any 
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Fig. 399. . Goons Locomotive or NORTH-EASTERN RAILWAY. 


upward movement of the axle relative to the frame will be taken up partly by 
compressing the spring over the axle, partly by raising the frame through the 
lever fulerum, and partly by compressing the next spring on either side, thus 
reducing the travel of the frame for a given travel of the axle-box.! The same 
effect could obviously be obtained by the use of more flexible springs, and this is 
the usual European practice, the springs being made longer and in consequence 
deeper. 

The question of the most suitable material for locomotive frames must depend 
somewhat on whether geared or gearless motors are employed. Where gearless 
motors are used there is no doubt that steel plate or rolled steel sections form | 


1 In some steam locomotives an additional use is made of the equalisers, means being provided 
permitting the driver to alter the distribution of the load on the various axles so as to increase the 
adhesion when starting. 
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the most suitable material, but if this construction be employed with geared motors, 


it will often be necessary to ballast the locomotive in order to obtain sufficient 
adhesion. ‘This has been done in several cases, one important instance in 
this country being the goods locomotives of the North-Eastern Railway. One of 
these locomotives is illustrated in Fig. 899. The under-frame is of rolled steel 
sections, and is ballasted with cast iron blocks. Strictly speaking, the under-frame 
does not come within the scope of this chapter, since it is not a truck frame, but 
is itself mounted on two bogie trucks. 

In the great majority of cases arising in electric traction engineering, the motors 
are mounted on bogie trucks under coaches carrying passengers. 

With regard to the design of such bogies, the strains they have to carry are 
similar in character to those of trailer bogies, though they are usually greater in 
intensity, more frequently applied, and more irregular. Consequently it would appear 
that any design generally suitable for a trailer bogie should be suitable for motor 
driving, if due attention is paid to securing the necessary additional strength. The 
type of bogie which is generally used in this country on steam railways, so generally, 


Fig. 401. Тури оғ Вооте TRUCK AS EMPLOYED FOR PASSENGER COACHES ON 
AMERICAN STEAM RAILWAYS. 


in fact, as to be practically universal, may be described by reference to Fig. 400. It 
has a frame A of rolled or pressed steel, carried on semi-elliptical springs B, of which 
there is one over each axle-box. The sémi-elliptical springs B support the frame at 
lugs C by means of screwed hangers and nuts D. Rubber eushions or short helical 
springs E are usually placed between the nuts and the lugs." Тһе axle guards are 
in one piece with the side frame, if this is of pressed steel, otherwise they are of steel 
plate riveted to the frame, as in the case of the bogie shown in Fig. 402 (facing p. 434). 
The transom F (Fig. 400) and the end members are of rolled or pressed steel, riveted 
to the side frames. The bolster H is of pressed steel, or of timber reinforced by steel, 
and is carried by helical springs J on a swing polster K, hung by links L from the 
transom. This bogie, with various modifications, ің in use on almost all steam rail- 
ways in this country. Owing, however, to the influence of American practice on 
electric railway engineering, the American type of bogie has been much more 
generally employed for rolling stock equipped with electric motors. The American type 
of bogie, of which an example is shown in Fig. 401, is used, with slight modifications, 


1 The latest bogies on the Great Western Railway have helical axle-box springs. 
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for practically all passenger cars on American steam railways. On steam railway 
cars it consists of a timber frame A with cast iron or steel axle guards B—or | 
pedestals, as they are called in America—supported by helical springs C on wrought- 
iron equaliser bars D, which in turn rest on the axle-boxes. The transom E and 
bolster F are usually of timber, the bolster resting on elliptical springs carried 
by a spring plank G, which is suspended by swing hangers H from the transom, the 
hangers being inclined inwards at the top, so that when the car swings outwards in 
passing round curves the inner side of the body is lowered and the outer raised. The 
swing bolster has been in practically universal use, being the standard construction 
adopted in 1884 by the Master Car-builders’ Association. Subsequent to that date, 
however, the majority of car-builders have come round to the conclusion that a rigid 
bolster is preferable, apart from its lower first cost and maintenance. 

It is not purposed to discuss the relative merits of the European and American 
types of bogie. Rolling stock superintendents of steam railways in this country, how- 
ever, nearly all of whom have employed both types, are practically unanimous in 
preferring the European type (see Fig. 400), and state that they are much more satis- 
factory in service than the American type, whether built in America or in this country. 
On the other hand, the authors сап find no record of the European type having been 
employed for passenger cars in America, although pressed steel trucks (with helical 
springs throughout, however) are largely used for the heavier classes of freight cars. 
It is probable that the type of frame found most satisfactory on each continent is 
largely the result of circumstances. The equalised truck undoubtedly gives slightly 
smoother running on an inferior road, and may be regarded as having been developed 
to meet this condition, since bogie stock came into universal use in America many 
years before it was at all largely used in Europe. On the other hand, ona good road 
there is practically nothing to choose between the two types. Тһе object of equalising 
a bogie is, as in the case of the locomotive frame, simply to make a stiff and therefore 
compact and cheap spring do the work of a more flexible and expensive type. Any 
upward travel of one axle is taken partly by the nearest, and partly by the furthest, 
spring, this causing less shock to the frame than if one spring carried it all. The 
equivalent of this part of the equalising effect could obviously be obtained merely by 
the use of more flexible helical springs, but it would be difficult to find room for them. 
A further effect of equalising is to increase the periodic time of swing of the frame 
when vertical oscillations are set up, owing to the shortness of the spring base. ‘To 
obtain the same effect with a spring base equal to the wheel base the springs would 
have to be twice as flexible whilst having the same strength. This effect is obtained 
in this country by the use of comparatively long and flexible elliptical springs. 

The built-up bogie of either rolled or pressed steel with elliptical springs is so 
near an approach to the standard locomotive frame in this country, is so largely used, 
and is found to be so generally satisfactory, that it is almost certain to be adopted for 
motor bogies by the majority of those of the railway companies electrifying their lines 
in the course of the next few years." In fact, the North-Eastern Railway, which has 


4 


1 The following is a detailed description of this particular design: “ The bogies are constructed 
of Fox’s pressed steel plates, having four wheels with a 7-foot wheel base. The sole-bars are 
105 x 85 x $ ins. thick at centre, and 8] x 8} x $ ins. thick at ends. The cross-bearers are 
8H x 3$ x ¥ ins. thick at centre, the bottom flange being sheared from 83 ins. in the centre to 8 ins. 
at the ends. A stiffening plate is also riveted to the web a& the centre. The headstocks are 
78 x 8 x r ins. thick. Тһе top bolster is 9 ins. x 1 ft. 44 ins. x зу ins. thick at centre. The 
bottom bolster measures 2 ins. x 1 ft. 05 ins., and is made of oak stiffened by two steel angles, 
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in hand one of the largest schemes of this character, has standardised a bogie of this 
type for the purpose. This bogie, which has already been described and illustrated 
(Fig. 400), was designed by Mr. Wilson Worsdell, the locomotive superintendent of 
the line. 

The bogie adopted by the Lancashire and Yorkshire Railway, however, is more or 
less a compromise between the two types. This bogie was designed by Mr. H. A. Hay, 
M.Inst.C.E., and is illustrated in Fig. 402. Тһе side frames a are of deep section 
angle steel, with cast steel stiffeners B and steel plate axle guards C riveted to them. 
The end cross members 4 are of flat steel bar. The frame is supported by four helical 
springs е resting on the equalisers f. The equalisers are straight, and, instead of 
resting on the axle-box tops, are supported on knife edges on short stretcher pieces g. 
Each stretcher piece rests in a bridle Л, which embraces the axle-box and is supported 
on a stiff helical spring 7 on the top of the box. The bolster K is supported by 


‚ elliptical springs І from the swing bolster m, which is suspended by links п from the 


transom o. There are thus three sets of springs in series between the wheels and the 
body of the coach. In this respect the bogie somewhat resembles the Brill bogie, 
which will be described later on. 

The transom construction in Mr. Hay’s design should be particularly noted; a 
single plate is used to do the work of the top plate and gusset plates. 

It will be noticed that both these bogies (Figs. 400 and 402) have the axle guards 
reinforced by machined steel castings so as to increase the bearing surface of the axle- 
boxes against the jaws. This is usually unnecessary on trailer bogies, but is frequently 
adopted for tender bogies. For motor bogies with axle guards of this type, it is 
indispensable, for although the maximum pressure against the axle guards is no 


ereater than on a trailer bogie carrying the same weight, the maximum in either case 


- being that due to the thrust when braking, the thrust due to the motor is applied for 


much longer periods than the brakes, and the axle guards will wear very rapidly unless 


thus reinforced. 

In the American equalised bogie as adapted for motors, timber is replaced by 
rolled steel, the frame being usually of flat bar section with the sides and ends in one 
piece and the axle guards of malleable iron or cast steel. There are usually four 


2 x 24 х $ins., as shown on the drawing. The centre casting ің steel, and the side bearings 
cast iron. А special type of cast-steel axle guide is used, having a bearing surface on the axle-box 
of 683 sq. ins. to compensate for the great pressure which comes on it due to the thrust of the motor 
gearing, and to distribute this pressure uniformly over the journal. The axle-boxes are made of 
cast steel with gunmetal bearings 75 x 415 ins. wide, A pad lubrication with two spiral springs is 
used, The front portion of the axle-box has wings cast on to support the collector shoe beams. 
The side bearing springs are 4 ft. long, and consist of ten plates, two 93 x В ins., eight 8; x $ ins. 
The ends are fitted with adjustable hangers and Timmis auxiliary springs, 5 ins. outside diameter and 
21 ins. internal diameter. The bolster springs are composed of two three-coil nests of Timmis unequally 
loaded springs. A teak packing-block, 28 x 12 x 12} ins., is fixed between the bolster and the 
spring-guides plate. The bogies are carried on dise wheels 8 ft. diameter on tread, keyed upon the 
axle. The tyres are 54 ins. wide, and fastened to the wheel centres by retaining rings and eight-set 
serews per wheel. The axles are—6 ft. 6 ins. centres of journals, 8 x 43 ins. journals, 54 ins. 
diameter at wheel and spur-wheel seats. The remaining portion of axle between wheel seats, 
including motor bearings, is 51 ims. diameter. Each bogie is fitted with two G.E. No. 66 motors, 
suspended by two bearings on the axle and a cast-steel bracket riveted on to the cross-bearer. The 
wheels are braked on one side only. The main pull-rod from the Westinghouse horizontal brake 
levers engages with a yoke of the usual type used on tram-cars, and from the ends of this yoke pull 
rods lead alongside the ends of the motors to vertical levers pivoted on a eross-shaft at the ends of 
the bogie upon which the blocks are fixed. The weight of the bogie complete is 8 tons 15 ewts.” 
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equaliser bars, one each side of the axle guards on each side. The transom is usually 
of rolled channel steel, and the spring plank and bolster of suitable rolled or pressed 
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Fig, 404, Truck rog CENTRAL LONDON RAILWAY GEARED LOCOMOTIVE, 


steel sections. The transom is usually attached to the side frames by gusset plates at 

the top, and by braces of flat bar at the bottom. The motor truck used on the 

Manhattan Elevated Railway, and shown in Fig. 403, із а typical example of this 
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form of truck, except that.it has a frame of angle section instead of flat bar. Another 
very good example is shown in Fig. 404, illustrating the bogies adopted for some of 


Fig. 405. Disrricr RAILWAY TRAILER TRUCK. 


the later Central London locomotives, which were provided with geared motors, instead 
of the original gearless machines. This bogie, however, has not a swing bolster, as 
the clearance between the train and the tunnel is too small to permit of its use. 


Fig. 406. Drsrricr RAILWAY TRAILER TRUCK. 
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A further example of this type is the trailer bogie adopted for the District 
Railway. This is shown in Fig. 405. The arrangement of axle guards and spring 
pockets in one casting is novel and distinctly good. The steel casting by which the 
frame, transom, and braces are connected together is also novel, and ensures a very 
strong construction. Another type of trailer truck for this road is shown in Fig. 406, 
and the motor car truck in Fig. 407. The following description of these two trucks, 
illustrated in Figs. 406 and 407, is taken from an article by Е. Е. Cook entitled 
«Electrice Traction Trucks," and published in Т raction and ‘Transmission for 
October, 1904 (Vol. X., p. 858) :— . 

“They are both made mainly of cast steel, with wrought-iron bolsters and 
bolster housings. The motor truck weighs, without motors or gear wheels, approxi- 
mately 10,000 lbs. It is carefully machined in all of its important members; the 
wheels are invariably steel-tyred. The axles are all hollow, having had their 
neutral axis removed. The trucks are made to carry two motors of about 150 h.-p. 
each, with six motors to the train of seven ears. A maximum speed of about 60 
miles an hour ean be attained. The brakes are designed for air-braking, and have to 


Fig. 407. Disrricr RAILWAY Мотов CAR TRUCK. 


be much stronger than if used for the ordinary trail truck, for the reasons that there 
is not only an exceedingly heavier load to stop, but there is the momentum of the 
armatures to overcome as well; in fact, the pressure on each brake shoe is at least 
100 per cent. greater than in trail trucks. 

* The advantages of the use of cast steel are best exemplified in this type of truck, 
The design of the side frame shows a very strong heavy trussing, the depth of which 
can be varied.to suit the strength required, and if these castings are properly annealed 
there is absolutely no shrinkage strain left in them, so that in this design it is possible 
to get the maximum strength with the minimum weight.” 

Fig. 408 shows the latest type of motor bogie designed by Mr. Parshall for the 
Central London Railway. This combines some of the features of both the steam 
railway car bogie and the electric motor bogie. The frame а is of flat wrought iron 
bar; the axle guards b are double, and are of steel plate, pressed into U shape and 
coming down each side of the top frame. There is only a single equaliser bar ¢ at 
each side, passing between the two side plates of each axle guard. The space between 
the inner and outer plates of each axle guard is filled in with pressed steel distance 
pieces, d, of channel section, cut away on one side to admit the equaliser bar. The axle 
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guard keeps, с, are also of pressed steel of channel section and arranged so that the box 
can be removed by removing a single bolt and dropping the end of the keep. The 
front and rear axle guards are joined bya channel tie bar, /. The transom 9, 18 secured 
to the side frames by gusset plates h, flat bar braces 7, and a pressed steel centre piece 
k, of special form, which connects together the transom channels, braces, and bottom 
tie bar. The transom is built of rolled channel steel of standard section, and the 


Fig. 411. CENTRAL Lonpon RAILWAY: CAST STEEL TRAILER BOGIES. GENERAL ARRANGEMENT 
оғ MOGUIRE Твток. 


bolster, 1, is of steel plates with interposed distance pieces m. The bolster rests on 
elliptical springs carried by steel plates n, suspended by bolts, о, from the transom 
channels, the height of the spring plate being regulated by the nuts on these bolts, so 
as to keep the car accurately to loading gauge, which is an important point in tube rail- 
way work. Тһе transom is provided with angle steel brackets for the noses of the 
motors. Particular care has been taken to avoid the use of bolts except where they 
are absolutely necessary for construction or other reasons, rivets being employed 
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wherever it is possible to do so. The brake foundation work on this bogie is ofa special 
type, as the brake pull rod is unusually low down, owing to the under-frame of the coach 
being only 14 ins. above the rail level. The bogie centre is of cast steel, the lower 
part being so constructed as to contain a large supply of lubricants. 

Soft cast steel has been largely employed for frames, especially in Chicago, where 
it seems to be a material particularly favoured both by manufacturer and by railway 
engineer. ‘The material has given excellent service. One of the best known and most 
satisfactory frames of this type is that designed by Mr. Hedley for an elevated railway 
in Chicago. A motor bogie of this type ig shown in Fig. 409. The motor bogie 
adopted by the Underground Electric Railways Co. of London for the Metropolitan 
District Railway (Fig. 407) is very similar to this. А trailer bogie of cast steel is 
shown in Fig. 410. А certain number of cast steel bogies have also been used on the 
Central London Railway, and have given very good results in low cost of maintenance 


Fig. 413. BRILL TRUCK. 


and in freedom from breakdowns; in these bogies the transoms and bolsters as well as 
the frames are of cast steel. Fig. 411 shows the general arrangement of these bogies. 

The Brill bogie, to which allusion has already been made, hardly corresponds 
with either the European or American type. A typical Brill bogie is shown in 
Fig. 412. Each side frame, а, consists of a single piece, forged under hydraulie 
with jaws for the axle-boxes similar to those in an American locomotive 
frame. The end members, b, of the frame are of rolled angle steel. The frame is 
carried by helical springs, ¢, resting on the axle-boxes. The bolster, d, rests on elliptical 
springs e, but the swing beam f, on which these are supported, instead of being hung 
on swing links, is carried by two beams, 9, which practically act as equalisers, and 
which are supported by means of helical springs, Ё, carried in stirrups, К, hung from 
the top frame and free to swing sideways. In this way exceptionally easy riding is 
obtained, there being three sets of springs in series. Photographs of Brill trucks are 
shown in Figs. 413 and 414. 

Both cast steel and forged frames have an advantage in reducing the number of 
ompared with built-up frames. Solid and built-up frames have each, 
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however, their own disadvantages. There must always be some uncertainty as to the 
internal condition of castings, and if a cast steel frame does break, it is liable to do so 
with much less warning than a forged or built-up frame. The forged frame is, 
undoubtedly, extremely good if great care be taken that the material is never worked 
below a proper heat. This, however, is difficult to ensure, and the forgings are 
sufficiently complex in shape to impose great initial strains on the metal if worked too 
cold. The built-up frame is free from these uncertainties as far as the individual 
parts are concerned, and in view of the almost universal employment of built-up plate 
frames for locomotives, except in America, it cannot seriously be urged that the number 
of riveted parts renders the frame unreliable. It is usually claimed by the advocates 
of cast steel that it is very much cheaper than either built-up or forged frames. Тһе 
authors’ experience, however, hardly bears out the claim. In this connection it may 
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Fig. 414. BRILL TRUCK. 


be of interest to note that the price paid for the east steel bogies in use on the Central 
London Railway was almost exaetly the same as that paid for the new standard bogie 
of Fig. 415. The number required in each case was small, but as the cast steel truck 
was fairly near the maker's standard, whereas the other was an entirely new design, 
the claim of cheapness hardly seems to be sustained. Quotations for another type of 
motor bogie in use on the same railway, and resembling the Manhattan motor-bogie, 
were also almost exactly the same figure. 

On the whole, the authors prefer a built-up frame to either of the other two types, 
and it will be seen from the examples given that the majority of railway engineers in 
this country are of the same opinion. 

With regard to the details of the frame design, a weak spot found in several 
designs is the part of the frame between the jaws of the axle guards. With inner- 
hung brakes and a frame either equalised or having springs immediately on the axle- 
boxes, the stresses at this point are small, and are practically limited to those due to 
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the forward or backward thrust of the axle. With outside-hung brakes, however, and 
with elliptical springs over the axle-boxes, or with two helical springs one each side of 
the axle-box, the stresses are obviously greatly increased ; it is not uncommon, how- 


ever, to find bogies with these arrangements, and with frames having light top 


members properly braced so as to form a truss between the axle guards and the 
transom, while between the jaws of the axle guards, where the bending moment, apart 
from the action of the brakes, may be quite a quarter or even as much as a third of 
that in the braced part, the frame consists of the top member only, without reinforcing 
except for such support as is given by the axle guard keep. The result is that the axle 
guards spread at the lower end of the jaws, and in some cases cracks start upwards and 
outwards from the corners of the jaws. 

Another fault sometimes found is the indiscriminate use of bolts instead of 
rivets in truck construction. This, however, is not а common fault in English 
work. Some, manufacturers maintain that a fitted bolt is better than a rivet in 
any case. This claim, however, can hardly be sustained in face of the fact that 
in all other constructional work experience has led to the universal use of rivets, 
bolts. only being allowed in special cases where riveting is impossible. Under the 
constant vibration to which bogies are subjected, bolts are even more objectionable 
than in ordinary constructional work, requiring constant attention to ensure that 
the nuts do not jar loose. Bolts should never be employed where rivets can be 
used, except for parts that must in the ordinary course be removed periodically for 
renewals. 16 is, of course, necessary that the riveting should be properly done, but 
in the authors’ experience it is much more difficult to ensure good fitting bolts than 
good riveting. 

The car body is usually connected to the bolster of the bogie by means of male and 
female centre bearings M and N (see Fig. 400, facing p. 482), preferably of cast steel, 
rubbing plates O being provided near the ends of the bolster and the car body bolster 
so as to prevent the car body from rolling. In order to allow the bogie to swivel 
freely, the usual practice is to allow a slight clearance between the upper and 
lower side rubbing plates, so that normally the whole load is carried on the centre 
bearing. Under these conditions the pressure should not exceed 400 lbs. per 
square inch on the bearing. It is of particular importance that the pressure be 
kept low, since the centre bearing is required to be constantly starting from a state 
of rest, and, as Thurston has shown, the coefficient of friction, under this condition, 
increases as the cube root of the pressure, whereas with a lubricated journal, 
when running, it diminishes with an increase of pressure. Both centre and side 
bearings should preferably be constructed so as to contain a supply of lubricant, and 
for this reason the female centre is usually on the bogie and the male centre on 
the under-frame of the car body. 

It is of very great importance to secure easy swivelling of the bogie under the car 
body, and this will usually require more attention in the case of motor than in that of 
trailer bogies. With motor bogies there is, in the first. place, much greater difficulty in 
swivelling owing to the increased load on the centre and side bearings—motor coaches 
being of necessity heavier than trailer coaches for similar service—and, in the second 
place, much more serious results follow from insufficient swivelling. There can be no 
doubt that by far the greatest part of the wear on rails and wheel flanges on curves is 
due to the grinding of the outer leading wheel against the outer rail caused by the 
incorrect position of the bogie relative to the rails. Where the coach is subjected to 
pull only, as in the case of a steam train, the pull of the couplings will tend to lessen 
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this effect, but if the coach is being pushed, the effect will be greatly increased, and 
on a motor-driven bogie it becomes a very serious matter. With the ordinary side 
rubbing plates, even if they are adjusted so that when the car is stationary the whole 
weight of the body rests on the centre bearing, it will be found that on curves where 
the conditions as to speed and radius are at all severe the pressure on the outer bear- 
ing will be so high that the bogie will not swivel without great difficulty, the difficulty 
being naturally greatest on the sharpest curves, that is at the very place where it is 
most required to swivel easily. As far as steam railways are concerned, the general 
consensus of opinion of authorities on rolling stock appears to be that the ordinary 
type of centre plate and side rubbing plate is good enough and has advantages in 
points of simplicity over any special devices. For electric railway conditions it may be 
worth while in many cases to employ ball bearings for the centre plates and rollers for 
the side bearings, the additional expense being more than offset by the saving in wear 
of wheels and rails and the reduced strains in the bogie frame. The practice of 
having the car body carried on the side bearings instead of on the centre bearing 
is advocated by a considerable number of railway engineers. Car bodies so 
mounted roll less than with the more usual arrangement, which is a very important 
consideration in tube railway working. If this practice be adopted it will be found 
almost imperative to employ ball or roller bearings. A pin termed a king pin 
or centre pin is usually passed through a central hole in the centre bearings. 
The necessity for this in ordinary running is not very obvious, but in case of 
derailment it may serve to keep the bogie in place under a shock that would unseat 
the centre bearing. 

We may now pass on to the consideration of details which apply to either rigid 
or bogie trucks. Of these details we may conveniently consider first the springs. 
Semi-elliptical springs for locomotives are usually designed in accordance with the 
following formule, due to D. К. Clark: 


Let S — span of spring in inches. 
B = breadth of plate in inches. 
T — thickness of plate in sixteenths of an inch. 
N — number of plates. 
D = deflection in inches per ton of load. 
L = safe load on spring in tons. 
[e ӨЗЕНІ 
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In modern practice the coefficient of 11-3 is regarded as somewhat small, and a 
figure of 14 or even 15 is employed. Taking a coefficient of 14 in these formule, 


gives a normal safe deflection when fully loaded and at rest of E 
A complete elliptical spring can, of course, be treated simply as two semi-ellipties 


in series, the maximum safe load being the same as for the semi-elliptie, while the 
deflection produced by the load will be double. 
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For helical springs, Rankin gives the following formule : 
Let В = mean radius in inches. 
d = diameter of spring steel in inches. 
b = width of spring steel (square) in inches. 
N = number of coils. 
D = deflection in inches per ton of load. 
G = coefficient of transverse elasticity (about one-third of the modulus 
of elasticity, or about 5,000 tons). 
F = maximum safe shearing stress. 
L= maximum safe steady load (say about 15 tons). 
2 64 N R? sate IN S 
10) = са == 0:015 E 
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This gives a maximum safe deflection at rest of 
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With square section steel these figures become— 
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Maximum safe deflection at rest = 7 


The arrangement of brake foundation work is a matter that vitally affects the 
questions of maintenance and safe running, especially when the speed is high in 
relation to the frequency of stops. 

The main points to be borne in mind in designing brake work are— 

(1) It must be equalised ; that is, the pressure on the wheels must be equal (or 
adjusted to the loads on the wheels). 

(2) The blocks must be hung so as to wear evenly over their whole surface. 

(8) The blocks must clear the wheels properly under all conditions except when 
brakes are set. 

(4) Means must be provided for quickly and readily taking up ware till the brake 
blocks are reduced to the minimum thickness which is considered safe. 

(5) The blocks must be readily removable for renewals. 

On rigid wheel base rolling stock it is usual to employ brake blocks on each side 
of the wheel, and this practice is a very desirable one where it does not involve too 
much crowding up of the brake foundation work, as it avoids the severe stresses on 
the axles caused by pressure on one side only.! It does not, of course, avoid the 
much smaller side thrust due to the fact that the retarding action of the wheels is 
transmitted through the axles. 

On bogies, however, and especially motor bogies under cars, it is often difficult 
to accommodate the foundation work required for double brake blocks and still more 


1 The resultant of the brake-block pressure and the load may amount to 40 per cent, more than 
the load alone. 
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difficult to give enough access to the foundation work to ensure its proper inspection 
and easy adjustment, and single blocks are consequently more common. 

The question, then, that has to be settled, is that of the relative advantages of 
inside-hung and outside-hung brake blocks, that is, whether the blocks are to be 
between the wheels, as in Fig. 408, or outside them, as in Fig. 410. On American 
steam railways, outside-hung brakes are almost exclusively employed, both on goods 
and passenger stock, and where this arrangement is not prevented by other conditions, 
it should always be adopted, the reduction in maintenance cost due to the easy access 
to the brake work being sufficient to outweigh all other considerations. The outside- 
hung brake, however, has the disadvantage that when applied it pulls down one end 
of the bogie frame and pushes up the other, thus subjecting the bogie frame to stresses 
which it need not otherwise carry, and increasing the load on the journals. This is 
particularly noticeable in the case of equalised bogies. Normally there is no vertical 
bending moment in the frame except between the points of support, i.e., the equaliser 
spring pockets. When brakes are applied, however, a considerable load is applied at 
the end of the frame, that is practically at the end of a cantilever supported at the 
spring pocket, and it is obvious that the frame must be considerably stiffened to carry 
this. It will be noticed that in Fig. 405 this is done by a strut from the bottom of 
the axle guard to the corner of the frame. The downward pull at the leading end is 
also liable to bring the top of the axle guards down hard on to the equaliser on the 
top of the axle-box, thus producing the unpleasant jarring frequently felt in rolling 
stock with equalised bogies when brakes are applied. An attempt has been made to 
overcome this in the so-called “ non-tilting” frame, which is an equalised frame 
with additional helical Springs over each box. It 18 obvious, however, that the 
equalisation must diminish as the non-tilting properties are improved. 

On bogies other than those of the equalised type the disadvantages of the outside- 
hung brake are much reduced, since, the frame being supported directly over the axle, 
the vertical bending moment at the point of support due to the brake block pull is 
about halved. 

The American type of brake foundation for steam railway passenger stock is well 
illustrated in the cast steel trailer bogie shown in Fig. 410. The brake blocks A are 
carried in steel castings B (brake heads), each pair of brake heads being coupled by a 
brake beam C, and suspended from the frame by the brake hangers D. Safety 
hangers Е are also provided to support the brake beams in the event of a hanger 
breaking, and release springs F to hold the brake blocks off the wheels. In some 
instances the release spring also acts as a safety hanger. The angle of the brake 
beams can be adjusted by means of a turnbuckle G, so as to ensure the correct position 
of the brake blocks as they wear out. Тһе pull rod H on the car body is attached to 
the upper end of the live lever I, which is at the outer end of the bogie, and is attached 
near its lower end to the brake beam. The lower end of this lever is connected to the 
lower end of the dead lever J by means of the brake rod К. The dead lever is attached 
near its lower end to the brake beam at the inner end of the bogie, and at its upper end 
to a fulerum on the bogie frame, which is adjustable to take up the wear of the blocks. 
In the brake foundation of Fig. 410 a further adjustment ean be made, the relative 
positions of J and K being adjusted by the set screw L. 

This arrangement is not usually a suitable one for motor bogies, owing to the 
difficulty of finding room for the beams and the lower brake rod on account of the 
collecting gear and motors, and the usual plan is to dispense with beams and have a 
live and dead lever and pull-rod on each side of the bogie, the motion of the car body 
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pull-rod being communicated to the live levers through the two upper pull-rods 
connected by a yoke at the inner end of the bogie. The yoke is in the form of an are 
of a circle struck with the bogie centre as its centre, во as to allow the bogie to swing 
without altering the setting of the brakes. This arrangement is illustrated by the 
North-Eastern and the cast steel motor bogie shown in Figs. 400 and 409 respectively. 

When inside-hung brakes are employed, whether with or without beams, the 
individual details are quite similar to those for outside-hung brakes; the only 
differences are in the arrangement, the live lever being near the inner end and the 
dead lever nearer the outer end of the bogie, and the lower brake rod being in thrust 
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Fig. 416. Мотов TRUCK SHOWING ARRANGEMENT OF BRAKES ON MANHATTAN RAILWAY. 


instead of in tension. - A suitable arrangement with beams is shown in the trailer 
bogie in use on the Central London Railway (Fig. 415), and the corresponding 
arrangement without beam in the Manhattan Elevated motor bogie (Fig. 416). As 
has already been stated, the Central London motor bogie brake gear (Fig. 408) is 
somewhat unusual in its arrangement owing to the small height of the pull-rod on 
the car body. In general it may be deseribed as an inner-hung brake foundation 
turned: upside down, the dead lever fulerums being at the lower end of the levers 
and the brake rod at the upper end ; there being no convenient method of supporting 
a yoke for connecting to the car body pull-rod, it is replaced by a beam suspended by 
hangers from the end of the bogie frame. 
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With regard to the pressure to be employed on the blocks, the usual practice is 
to make the maximum pressure of the brake block 80 per cent. of the wheel load of 
the empty car. This gives the maximum effort that can safely be applied without 
skidding in the case of trailing wheels. The same rule is sometimes applied in the 
case of driving wheels. This, however, ignores the kinetic energy of the armatures, 
which frequently amounts to 10 per cent. of the kinetic energy of the moving load and 
of wheel rotation combined." The kinetic energy of the armature would enable higher 
pressure to be used without skidding the wheels, and a safe rule to take would 
probably be 80 per cent. of the wheel load for trailing and 90 per cent. to 95 per cent. 
for driving wheels. It is, of course, necessary to consider carefully the variation in 
load between loaded and empty cars. As a rule this is not a serious consideration for 
heavy railway work, the variation seldom exceeding some 10 per cent. If it exceeds 
this figure, however, it will be necessary to increase the braking effort even at the risk 
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Figs. 417—419. STANDARD BRAKE HEADS AND SHOES. 


of skidding a lightly loaded car, in order to obtain adequate retardation when it is 
fully loaded. If the variation is 20 per cent., 16 would probably be advisable to 
increase the figures given above by another 10 per cent. Such a variation as this, 
however, would correspond more nearly to the condition of trailing wheels, or of 
tramear driving wheels. 

The standard English type of brake block isa single casting attached direct to the 
levers. In America, however, the brake block—or shoe, as it is termed—is of simpler 
form, and is carried in a cast steel brake head, which in turn is attached to the levers. 
This arrangement certainly presents considerable advantages when braking is severe, 
and cars have to be frequently reblocked, since the wearing parts are cheaper and are 
more quickly replaced. Consequently this arrangement has been adopted in this 


1 On the Central London Railway it is 13 per cent. of the moving load on the motor bogie, and 
3$ per cent, of the total moving load of the train. 
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country by certain railways where the schedule speed is high in consideration of the 
frequency of the stops: The brake heads and shoes adopted for the District Railway 
are the standards of the American Master Car-builders' Association, and are shown in 
Figs. 417 to 419. There are two slotted lugs on the head and one on the shoe. The 
lug on the shoe A comes between those on the head B, and a eurved tapered key 
of reetangular section is passed through the slots and rests between two lugs at the 
top and two at the bottom of the head, thus securing the shoe. This pattern is very 
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brake shoes are readily accessible, as is usually the case with 
outside-hung brakes. On cars where the framing comes down over the bogie, how- 
ever, it is found to be very inconvenient, owing to the difficulty of removing the key. 
These conditions occur both on the motor and on the trailer bogies on the Central 
London Railway, and to meet them the form of head shown in Figs. 420 and 421 was 
adopted. The shoe is provided with a longitudinal rib on the back, which fits loosely 
into a corresponding groove in the head. Тһе shoe also has а lip which hooks over 
the upper end of the head, resting between two lugs on the head, which prevent 
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movement sideways. At the lower end there is a lug on the head, which fits loosely 
between two lugs on the shoe, a pin being then passed through holes in the lugs. Тһе 
whole arrangement can also be seen іп Fig. 408. To remove a shoe, all that has to - 
be done is to remove this pin and raise the shoe about three-eighths of an inch. This 
arrangement works quite satisfactorily, and enables trains to be reblocked in a 
remarkably short time. 

Both the Lancashire and Yorkshire and the North-Eastern Railways adhere to 
the standard English practice of attaching the brake block direct to the levers, but, the 
stops being much less frequent on these lines, it is probable that blocks will not have 
to be renewed so often as on lines of the Central London or District Railway type. 
Considerable difference of opinion exists as to whether it is desirable or otherwise that 
the brake shoes should engage the flange or only the tread of the wheel. On steam 
locomotives the blocks engage the flanges in most cases, and in America, but 
never in this country, on the coaches also. On motor bogies it is almost universal in 
America for the blocks to engage the flanges, and it is also very common practice in 
this country. Instances of the blocks engaging the flanges are the motor bogies on the 
North-Eastern Railway (Fig. 400) and the cast steel bogie of Fig. 409, whilst the 
alternative is adopted on the Central London (Fig. 408), the Lancashire and Yorkshire 
(Fig. 402), and the cast steel trailer bogie (Fig. 410). Where braking conditions 
are severe, the wear of the block on the back of the flange has been found objectionable 
with the English section of tyre, as, owing to the back of the flange being vertical for 
more than half its depth, it is impossible to correct this when turning up the wheels. 
This effect is increased by the tendency of the blocks to travel outwards when the 
brakes are applied, owing to the coning of the wheels. In more than one instance, 
the grooved type of block has been abandoned for this reason. With the American 
section of tyre, however, the back of the flange being curved throughout its whole 
depth, the true section of the flange can always be restored by turning. For this 
country, therefore, the authors are of opinion that the plain block bearing only on the 
tread of the wheel is decidedly preferable, especially where braking is severe. When 
the blocks bear only on the tread it becomes necessary to provide some means for 
preventing them from travelling outwards owing to the coning of the wheels. Where 
brake beams are employed these will be sufficient; where they are not used the levers 
on opposite sides of the bogie should be tied by a cross-bar, as in the case of the 
Central London and Lancashire and Yorkshire Railways. The extensive use of 
grooved blocks on locomotive and on motor-driven wheels is probably due more to the 
difficulty of finding room for such ecross-bars than to any inherent advantages of the 
grooved block. The brake blocks should preferably be of cold blast cast iron, unless 
some one of the several patent brake blocks on the market is used. Some of these patent 
brake blocks give very good results. Brake heads should be of soft cast steel. Pull- 
rods should preferably be of hammered scrap iron, though there is not much to choose 
between this and the best qualities of iron bar. Levers and hangers should be of the 
best quality wrought iron, fixed brackets of wrought iron or mild steel. In America 
the beams are frequently of timber, sometimes braced with wrought iron bars; it is, 
of course, an advantage to have all parts of the brake foundation as light as possible 
in order to secure quick application, but, in the writers’ opinion, if special lightness is 
desired, a steel tube truss is a more logical arrangement where the bogie is otherwise 
of metal throughout. In the great majority of cases, however, a flat wrought iron or 
mild steel bar is perfectly satisfactory for brake-beams. Holes for pins in brake 
rigging should be drilled (never punched) 35 in. slack for the pins, and both holes and 
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pins should be ease-hardened. То reduce the number of spare parts it is very desirable 
to use one size of pin throughout, say 1-1; ins., the holes being 14 ins. Pins are best 
secured by means of split pins with washers under them; the washer is an essential 
part of the arrangement. Safety hangers and brackets should be used with discretion ; 
a certain number of such precautions are no doubt advisable, but in brake work, as in 
most other such matters, it is better to make a sound job ofthe actual work than to add 
numerous safety devices, and it not infrequently happens that more trouble is given by 
the hangers than by the brake foundation proper. 

The method of attaching the motors to the bogie is a matter of prime importance. 
Generally speaking, the most satisfactory plan is the usual one of placing the motors 
between the axles and supporting each motor on one side by bearings on the axle, so 
as to keep the gear properly meshed, and on the other by a spring support attached 
tothe bogie frame. In the case of a heavy motor there is usually а nose in the frame 
casting which rests on a bar carried by springs on the transom. The authors are 
inclined to lay considerable stress on the spring support; its effect on the permanent 
way or the coach body is not very- important, since, in any case, there will be a 
set of springs between each of these and the motor; but in more than one case it has 
been found that where the nose rests on a rigid bracket both the nose and bracket 
wear very rapidly, owing to the fact that, as the motor bearings follow the movement 
of the axle relative to the frame, the nose is drawn to and fro along the supporting 
bracket. Similar effects may be produced by side play between the axle-boxes and axle 
guards, by end play of the motor on the axle, and by lateral bending in the bogie 
frame. If, however, the nose of the motor is clamped to a yielding spring support, the 
effects will be much reduced. 

This method of suspending the motor has, of course, the effect of putting 
from 50 to 60 per cent. of its weight direct on the axle, which generally means 
increasing the non-spring-borne load at least 100 per cent., and occasionally applying 
shocks to the axle equal to several times the weight of the motor, when the axle 
suddenly moves or stops, moving relatively to the bogie frame. Consequently 
numerous attempts have been made from time to time to modify the arrangement 
so as to take the weight of the motor entirely off the axle. The defect of all such 
devices with which the authors are acquainted, however, is that, as the motor must 
be centred on the axle on account of the gear, it will still have to move with the 
axle, so that the conditions for a horizontal movement are unchanged, whilst for 
a sudden vertical movement all that can be done is to convert a rotation about 
the nose into a rotation about the centre of gravity. The effect of this in almost 
every case is to increase instead of to decrease the shocks to which the axle is 
subject. То explain this, we may assume, with a close enough approximation to 
accuracy, that the motor is a uniform cylinder with its centre of gravity in the 
axis of the armaturé shaft, and that the centre of the nose suspension and the 
axle suspension are at the periphery, at opposite ends of a horizontal diameter. 
The radius of gyration of the motor rotating about the armature shaft will then 
be A of the distance from the axis of the armature shaft to the nose suspension 
or to the axis of the driving axle. For a given vertical movement of the axle, 
therefore, the corresponding average travel, and therefore the acceleration of the 
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The leverage of the axle in the two cases will obviously be in the same ratio, so that 
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the force required to be exerted by—that is, the blow to—the axle will be in the 
Е 1\2 SE 
ratio of © to ( я) . The shock to Ше axle will therefore be twice as great 


with centre of gravity suspension as with nose suspension. Of course with centre 
of gravity suspension the blow to the axle will be the same for upward or downward 
travel of the axle, whereas with nose suspension the total load will be increased by the 
weight of the motor on the axle for upward movement and decreased by it for down- 
ward movement, so that up to the point where the movement is sufficiently rapid to 
make the blow greater than the weight of the motor the advantage is with the centre 
of gravity suspension. Such blows as these, however, are too small for consideration 
compared with blows of several times the weight of the motor, which must occur at 
frequent intervals, and then the advantage obviously lies on the side of the nose 
suspension. For instance, if with a certain vertical movement of the axle in a certain 
time the force applied at the axle with centre of gravity suspension is six times 
the weight of the motor, the corresponding force with nose suspension would be three 
and a half times the weight of the motor for an upward movement (half its weight 
being on the axle), and two and a half for a downward movement. 

If, on the other hand, the suspension be moved further away from the axle than 
the outside of the motor case, the travel of the motor for a given vertical travel of the 
axle will again be increased, so that it appears that the ordinary nose suspension 
approximates very closely to the most theoretically favourable one, as far as blows 
to both motor and axle are concerned, while, even if it were not theoretically the best 
point of suspension, the simplicity of the arrangement would give it a great advantage 
over any other system. 

The proper position of the motors is obviously between the axles as far as good 
running of the bogie is concerned. Іп certain cases, however, where the construction 
of the cars renders it necessary to have the bogie between the side sills, it may be 
necessary to so reduce the wheel base in order to allow the bogie to swivel sufficiently 
that there is no room for the motors between the axles. This requires placing the 
motors outside of the axles, but this arrangement should never be employed where 
it is possible to avoid it, since, owing to the vertical and transverse horizontal oscilla- 
tions due to the short wheel base and great overhanging loads on the ends, the bogie 
will hardly ever rise really well at anything above moderate speeds. In the first 
experimental motor cars used on the Central London Railway, which were converted 
from trailer cars, the bogie had to swing between the sills, which came just at the 
most inconvenient height, i.e., opposite the axle-boxes. It was thought preferable, 
however, to use bogies with inside-hung motors, although it necessitated using very 
short journals, the actual size of the journals on these bogies being 6 ins. x 4 ins. In 
the motor сат finally adopted, the design of the under-frame was modified to get over 
this difficulty as far as possible. The journals were increased to the more usual pro- 
portions of 8 ins. X 42 ins., but the wheel base had still to be kept down to 6 ft., and as the 
motors were larger than on the experimental trains, it was found necessary to dispense 
with a spring support for the motor. This, however, was considered the lesser evil of 
the two. The only other point in favour of outside-hung motors is that when only one 
motor is used on a bogie, suspending it outside the axles will greatly increase the 
weight on the driving wheels. Such an arrangement is undoubtedly preferable to the 
use of ** maximum traction’ bogies with unequal wheels, and will give all the adhesion 
required for any practical acceleration on the comparatively clean rails available in 
railway work. It is not, however, a desirable arrangement except for quite moderate 
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speeds. It is also only applicable to single cars, since, if there is more than one car 
on the train, it is undoubtedly correct practice to have a motor bogie and trailer bogie 
on each motor car rather than to have one motor on each bogie. Іп fact, even in the 
case of single cars, no great objection can be taken to having one motor bogie and one 
trailer bogie, since the experience of several English railways with steam motor 
coaches goes to show that they run quite satisfactorily whether the engine end 
is leading or trailing. The advantages of placing both motors on one bogie are— 

(1) A cheaper type of bogie can be used for the trailer. 

(2) When motor bearings, gear, etc., have to be removed, only one bogie has to 
be removed. 

(3) Car wiring is greatly simplified and reduced in quantity. 

The method of carrying the electrical contact devices on the bogie is really more 
a question of electrical equipment than of rolling stock design, since it obviously 
depends on the system of distribution more than on any other point. It has come to be 
a recognised principle in all the more modern installations that the contact shoe shall be 
suspended from a point ata fixed distance above the rail, in order to reduce the play 
between the shoe and the suspension. On the City and South London Railway, how- 
ever, the shoes were originally suspended from the locomotive under-frame, and this 
arrangement having been found to work fairly satisfactorily, is still continued on that 
railway. The authors, however, are of the opinion that the balance of advantage 
rests with the suspension at a fixed height. In order to secure this fixed height, the 
suspension must be attached to the axles, axle-boxes, or equalisers. The first of these 
is adopted on the Central London, where the third rail is in the middle of the four- 
foot way. Тһе shoes on the motor bogies are suspended from a plank attached to the 
motor suspension bearings on the axle. A preferable arrangement on general grounds 
would undoubtedly have been to attach the plank to the equalisers, the shoe being 
under the transom. This arrangement was used on the bogies for the locomotives 
with geared motors. The wheel base of the motor car bogies, however, is so short 
that the shoes would have been almost inaccessible, and dangerously close to the 
motors. On the trailer bogies* of motor cars the plank may be attached to special 
bearings on the axle, and held from rotating by links attached to the end cross 
members of the bogie frame. This again is not recommended as an ideal arrangement, 
but was adopted as the best for the confined space available at the trailer end of the 
coach. 

Тһе second arrangement—suspension from the axle-boxes—is adopted on the 
North-Eastern and the District Railways, and is, in fact, practically standard on non- 
equalised bogies where the third rail is outside the four-foot. The shoe plank is in 
these cases attached to lugs on the boxes. The third arrangement is used on the 
Lancashire and Yorkshire Railway, and is the usual опе with equalised bogies where the 
third rail is outside the four-foot. If the wheel base is long enough to give proper 
clearance from the motors, it may also be employed with a third rail in the four-foot 
way, and, as stated above, it was so used on certain bogies on the Central London 
Railway. 

With regard to axle-boxes there is but little difference between practice in this 
country and America, the standard arrangement in either case being a cast iron or steel 


box having a circular opening at the back fitted with a ** dust-guard " ог“ oil-guard " 


1 This applies to cases where it is required to provide shoes on both bogies of the motor car so 
as to bridge the gaps in the third rail at points and crossings. 
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of leather or similar material, and an opening in front to allow access to the 
journal and brass, with a removable cover. In this country the standard railway 
practice is to have this cover a machined fit on the front of the box, and secure it 
with bolts passing through lugs on the cover and the box, and it is usual to specify 
that the box should be watertight. The standard practice in America as laid down by 
the Master Car-builders’ Association, however, is a sheet iron cover opening upwards 
and outwards, and held closed by a flat spring. The Master Mechanics’ Association 
standard arrangement of this type of box, which has also been adopted by the American 
Street Railway Association, is for the cover to open edgeways, it being pivoted at one 
side and pressed against the box by a helical spring on the pivot bolt. When closed, 
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Fig. 423. MASTER CAn-BUILDERsS' STANDARD AXLE-Box For А 44” x 8" JOURNAL. 


the cover rests between two projections on the box, and to open it it is pulled out- 
wards to clear these projections, and is then pushed upwards or downwards. Both 
these arrangements have been used a great deal in this country. The machine-fitted 
front is, however, decidedly preferable, as the sheet iron cover seldom retains its 
shape well enough under service conditions to keep out dust or prevent undue spilling 
of oil, and is, moreover, easily torn off. 

The bottom of the box below the level of the openings forms an oil well, and in 
English practice there is usually a lip round the box, just below the level of the 
openings. The journal is lubricated either by means of oil-soaked waste with which 
the box is packed, or preferably by means of a cotton wick carried on a wire frame 
made to fit roughly the round exposed part of the journal, and pressed up by light 
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springs. This latter arrangement is the one generally adopted in this country, and 
gives very satisfactory results. The box is provided with machined facings for the 
brass or for the keep, which is placed between the box and the brass, as the case may 
be, at the top and the upper part of the sides. The axle-box originally employed on 
the trailer bogies of the Central London Railway, shown in Fig. 422, is typical 
of English practice, being a modification, to suit the smaller size of journals, from 
those of the Great Western Railway. American practice is illustrated by the 
standard Master Car-builders’ axle-box for a 44-in. x 8-in. journal, shown in 
Fig. 493. я 

Both types are found quite satisfactory for steam railway service where Ше 
passenger stock can be overhauled in detail at the end of each run, and the goods 
stock usually runs at a low speed, and has a very low yearly mileage. For electric 
railway conditions, however, where rolling stock is in service for 16 or 20 hours a 
day for long consecutive periods, and may run several thousand miles without coming 
in for repairs, it takes a considerable time to attend to at the end of the day's work, 
even if spring lubricating wicks are used, and with waste packing things will evidently 
be much worse. On the Central London Railway a box with an internal removable 
oil well has lately been adopted with good results, and is now the standard arrange- 
ment on that railway. The well consists of a sheet tin tray in which is placed the 
spring frame carrying the lubricating wick. The opening in the front of the box 
extends to the bottom, so that the tray can be slid in and out, carrying the 
lubricating wick with it. The axle-box for this arrangement is shown in Fig. 422. 
With this arrangement, however, there ің more leakage of oil than is desirable, 
especially on a tube railway, and a certain number of bogies have been fitted 
experimentally with the Korbully axle-box, which is very largely used on the Con- 
tinent. This box is illustrated in Fig. 424. It is of an entirely different type 
from either the English or American standard patterns, and requires no packing or 
wicks. The whole axle-box practically forms one oil well, there being no opening 
at the front end, except a small hole at the top for renewing the supply of oil, 
and the back end being fitted with a leather packing, which is kept pressed against the 
journal by an adjustable steel band. The brass entirely surrounds the journal, and 
has an oil way at the bottom. This axle-box requires very little attention owing to 
the absence of packing, and will run without refilling for weeks at a time, effecting 
great economy in oil and improving the condition of the permanent way. 

The clearance between the sides of the axle-boxes and the axle guards should 
not exceed 5 in. in the longitudinal direction of the bogie, and should preferably be 
merely a slack fit. The same applies to the transverse travel if both outward and 
inward travel are limited on each box. In many cases only the outward travel is 
limited, each box being prevented from travelling inwards by the end thrust of 
the axle bringing the other box up against the opposite axle guard. 

The standard bearing for both coach and wagon journals both in this country 
and America is a single bronze casting resting on the journal. With regard to 
material, standard practice is a copper-tin alloy, with small proportions of zine and 
lead, the lead being added as a reducing agent for purely manufacturing reasons. 
The following would be a very suitable alloy— 


Copper : = . 80 to 88 per cent. 
Tin . Р е . 18tol0 ,, 

Zine . : З с 2 

Lead . Е ; 2 0:5 
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The standard American composition is— 


Copper 5 : - . 80 рег cent. 
Tink n з > А 105277 
Lead. . : . peo OMe 
Phosphorus ; 10 ШАН 


Phosphorus, of course, has a similar reducing effect to zinc, besides hardening 
the alloy. Special alloys, such as Stone’s bronze, are also largely employed, but the 
composition of these is naturally kept secret. Anti-friction metals of various composi- 
tions are also used a great deal. It does not appear, however, that there is any 
definite advantage in their use, unless, owing to special circumstances, the journals are 
of abnormal proportions ; for instance, it may be necessary to use very short journals 
owing to restricted space, in which case the journal will have to be abnormally large in 
diameter, thus raising the journal speed, or the pressure per square inch will be 
abnormally high. With ordinary proportions, however, and with pressures limited to 
the figures already given, white-metal should be quite unnecessary as far as cool 
running is concerned, and the earlier chapters of this book will have made it clear that 
the proportion of energy employed in overcoming journal friction is quite small, 
whether the service be one of frequent stops and high acceleration, or few stops 
and high speed. If it is employed, it should be on bronze and not on a cast-iron 
backing, as the best of white metals will run occasionally, and the results to the 
journals will be disastrous, if the bearing has only a cast-iron backing. The brass 
usually embraces about one-third of the diameter of the journal. In some cases, the 
brasses on driving axles are brought further down at the sides to take up the motor 
thrust. There is no particular necessity for this, however, since the side thrust due to 
the motor must obviously be much less than that due to the brake block, which exists in 
the case of trailer cars also. The case is, of course, quite different from that of a steam 
locomotive journal, where the side thrust may often exceed the load on the journal. 
In any ease the lower ends of the journal should be well rounded with a large radius, 
so as to avoid scraping the oil off the journal. The brass is usually bored from 
за in. to Тр in. slack on the diameter. In the writers’ experience, the amount of 
slack should not exceed the smaller figure when both journal and brass are new. 

In order to limit the end play of the journal in the brass, the latter usually rests 
between a shoulder on the inner end and a collar on the outer end of the journal; a 
certain amount of play is allowed between the two, the standard practice in America 
being to allow + in. This is an excessive amount for a driving axle, since, for reasons 
that have already been given, it is undesirable to allow much end play where a motor 
is supported on the axle. A new brass should preferably be merely a slack fit, and 
should certainly not have more than +; in. play on the journal; this, of course, 
involves careful fitting in order to ensure that the brass bears properly on its whole 
surface and not merely on the shoulder of the journal. In some cases, where, in order 
to save room, the axle-box has to come very close up to the wheel, and the diameter of 
the axle where it passes through the box has to be kept down, the intermediate 
shoulder between the journal shoulder and the boss for the wheel centre is omitted, 
the axle being reduced in one step from the diameter in the wheel boss to the journal 
diameter. In this case, the end play of the journal is taken up either by bringing the 
end of the brass down over the end of the axle or by a separate end brass or keep, 
which is attached either to the brass or to the axle-box lid. This arrangement is usually 
only employed (1) on bogies which һауе to be got into an unusually small space, as in 
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the case of the Central London and the Manhattan Elevated Railways, or (2) on bogies 
which, as in the case of the Lancashire and Yorkshire (Fig. 402) and the American 
Street Railways Association standard for 50-ton cars, Fig. 434, carry exceptionally heavy 
loads without being abnormally wide or requiring abnormally long or wide axle-boxes. 
When this arrangement is adopted, the whole of the end thrust is taken up on the 
end bearing of the axle. The brass is in this case fitted to the top and upper part 
of the sides of the axle-box, and its end play is limited either by а shoulder at 
its inner end or by a transverse feather engaging in a recess in the top of the box. 
The brass is sometimes provided with ribs, which are fitted to corresponding ribs in 
the box to avoid machining the whole surface. The standard arrangement of a journal 
with shoulders at each end will be found the better one on general grounds, and should 
not be abandoned unless there is some special reason, such as that given above. With 
shouldered journals, it is usual to have a packing piece termed a keep, or in America 
a wedge, between the brass and the axle-box. The object of the keep is to enable the 
brass to be removed with a smaller relative movement of axle and box than would 
otherwise be necessary for the brass to clear the collar. The collar being from 4 in. 
to 3 in. deep, the opening at the back of the box would be inconveniently large. ‘The 
keep, however, is usually held from outward movement only by a small rib, so that 
by jacking up the box a short distance the keep can be removed and the brass lifted 
off the journal. In this country the top of the journal is usually a machined fit 
against the under-side of the keep, the sides of the journal and the top of the keep 
having machined ribs fitting against corresponding ribs on the sides and top of the 
axle-box. In America they are usually left rough, and either the back of the keep or the 
back of the journal is rounded so as to give a self-aligning bearing. The rounded keep 
is the more modern plan and the standard practice of the Master Car-builders’ Associa- 
tion. A certain amount of slack has to be allowed between the keep and brass and the 
axle-box. For motor bogies, the total play of the brass in the box should not 
exceed 4i; in. With a clearance of jg in. for the brass on the journal and 5 in. for 
the box in the axle guards, there will be a total of 3.1. end play on the axle. This 
should be looked on as an outside figure for a bogie leaving the shop; and, as already 
stated, the writers much prefer merely slack fits throughout. Тһе total end play of 
the axle should be sufficient, however, to ensure that there is no binding in either 
longitudinal or transverse direction. 

Table CXXI. gives the journal pressures in use with various axles in pounds per 
square inch of the projected area of the journal. It will be noticed that from 200 to 
250 lbs. per square inch is about the usual pressure, and in this country similar 
pressures are also employed in locomotive work. American locomotive practice, how- 
ever, is much more conservative. Meyer (* Modern Locomotive Construction ") gives 
it as his opinion that the pressure should be kept considerably below 160 lbs. per 
square inch, if the journal speed exceeds 9 ft. per second, which, with ordinary pro- 
portions of wheels and axles, would correspond to a train speed of about 60 miles per 
hour. Probably. the difference is due to the much greater care taken in fitting 
journals and brasses in this country. For high speed electric service, owing to the 
comparatively small wheels, journal speeds will generally be exceptionally high, and 
in such cases 200 lbs. should be considered the limit, but for urban services at, say, 
15 or 20 miles an hour average speed, 250 lbs. is quite safe with proper workmanship 
and reasonable supervision. 

With regard to axles, long experience has-determined certain dimensions and 
maximum working stresses as desirable in the interests of safety and economy, and it 
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can seldom be advisable to depart from these. Indeed, the tendency is all in the 
direction of increasing axle diameters for a given load, since it is found that, owing to 
the dead weight of the motors, the axles are subjected to almost as severe shocks as 
those of steam locomotives. Table CXXI. gives some comparative figures of the standard 


TABLE CXXI. 


Journal Pressures. 
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tric са:  .|484 | 12,000 9:22 15:50 | 850 6:50 |51 285 | 3,700 
Central London ) | | | | | | | 
Railway motor + se ... | %,800| 8 | 4625 8:00 5:75 | 87 | 210 | 3,800 | 
axle . : D, ІР | | | | | | | 
Manhattan  Elec-) | | | | | | | | 
trie Railway] Е. ... 6,800 8 (425 | 850 550 |94 | 900 | 3,500 | 


motor axle P | | | 
| | | | | 
| | | 


axles adopted by the English railway companies for private owners’ wagons, by the 
Master Car-builders’ Association of America for freight cars, and by the American 
Street Railways Association for electric cars. The Table also contains a few examples 
of axles actually in use on electric cars. These axles are also shown in Figs. 425 to 
435. In order to obtain a uniform basis for comparison in computing the bending 
stresses, the load is assumed distributed along the whole of the brass, the wheel 
flanges assumed to be equidistant from the inside of the rails, and the distance 
between points of contact of wheels and rails assumed to be 4 ft. 10 ins., owing to the 
coning of the wheels and the radius of the rail table (see Fig. 435). Comparing the 
conditions under which motor-driven and trailer axles have to operate, it may be 
pointed out that whereas the bending moment of a trailer axle is a maximum at the 
points vertically over the points of contact of wheels and rails, and is uniform between 
those points, the bending moment in a motor-driven axle is usually slightly greater at 
a point between the wheel centres, namely in one of the motor supporting bearings 


' Neglecting the weight of the axle itself. 
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(with a geared motor), or in the spider of the armature if carried on the axle. The 
stresses to which the trailer axle is subjected are bending moment and shear due to— 

(1) The load ; 

(2) The pressure of the brake block when brakes are set ( with single blocks) ; 

(8) The backward thrust of the axle when brakes are set. They are subjected to 
torsion due to— 

(4) Unequal travel of the wheels on curves. 

Of these stresses (2) is fixed by the wheel load as described in dealing with 
brakes, and (8) and (4) are obviously limited by the wheel load and the coefficient of 
adhesion of wheel and rail. With regard to (1), since certain parts—equalisers, axle- 
boxes and fittings, and the axle itself—are not carried on springs, they will from time 
to time apply forces equal to several times their weight, the greater part—the weight 
of the axle—being between the wheel hubs. ks 

The additional stresses to which a motor-driven axle is subjected are— 

(5) Bending moment and shear due to the forward thrust of the motor drive; 

(6) Torsion due to the motor drive. | 

Both these again are limited by the wheel load and the coefficient of adhesion to 
the same values as (2) and (8), so that for a given load the driving axle will, as far as 
they are concerned, have no more to stand than a trailing axle. Here again the 
conditions of a motor-driven axle are quite different from those of a steam locomotive 
driving axle. In nearly all cases, however, the stresses due to (1) are much higher in 
the driving axle than in the trailing axle, since the unspring-borne load will, in the 
majority of cases, be a much larger proportion of the whole. If the motor is gearless, 
the armature almost always, and the field magnets in many cases, are not spring- 
supported, while with geared motors there are usually bearings on the axle to keep 
the gears properly meshed. In either case a force equal to several times the weight 
of the motor will be momentarily applied from time to time. 

It is important to bear in mind that the maximum bending stresses will be much 
larger than those given in the table. For instance, in passing round a curve the flange 
of the wheel pressing outwards will increase the distance C, and the load on the outer 
journal, besides causing additional bending due to the thrust on the wheel. Worn 
wheels and rails will also increase the distance С, a badly fitted brass may concentrate 
the load towards the outer end of the journal, whilst comparatively small irregularities 
in the road may easily double the load on the journal. The side thrust due to the 
brake block has already been dealt with. 

It therefore becomes necessary to design motor driving axles considerably 
more liberally than trailing axles for the same load. A further reason which 
necessitates liberal design is the existence of keyways. for securing the armature 
or gear wheel, as the case may be, to the axle. The actual reduction of strength 
for a static load caused by this is inconsiderable, but, as is well known, eracks 
are always liable to start from the corners of holes and keyways in shafts or 
axles. This consideration is of such importance that the Committee on Standards 
of the American Street Railways Association, in their report in 1909—which was 
adopted by the Association—recommended that the axles should be so much enlarged 
at the gear wheel fit that the distance from the axis of the axle to the bottom of the 
keyway should be the same as the radius of the axle in the driving wheel hub. This 
appears to the authors to be somewhat unnecessarily large, and results in an objection- 
able shoulder immediately inside the wheel hub, but there is no doubt that the 
recommendation, since it errs on the side of strength, errs in the right direction. 

` 459 


ELECTRIC RAILWAY ENGINEERING 


The disadvantages of having keyways to the axle have led to the introduction of 
several devices to render them unnecessary. The best known is probably that of 
Messrs. Doyle and Brinckerhoff, which was adopted on the Metropolitan West Side and 


Fig.436. MANHATTAN 


WHEEL. 


the Manhattan Elevated Railways, where a solid gear wheel is 
shrunk on to an extension of the driving wheel hub, as shown in 
Fig. 486. This method, of course, has the obvious drawback that, 
in order to remove the gear wheel, the driving wheel has to be 
removed from the axle. This might be got over by using a split 
gear keyed on to the extended hub, but, with the large hub 
necessitated by this arrangement, it would be difficult, if not 
impossible, to find room for the bolts for holding together the 
split gear wheel. 

With regard to material, the sizes of axles adopted by the 
Master Car-builders’ Association are intended for either wrought 
iron or mild steel. Mild steel is practically universal for electric 
traction purposes, the most suitable material having an elastic 
limit of about 20 tons and an ultimate tensile strength of 88 
to 38 tons per square inch, with not less than 40 per cent. 


reduction of area at fracture and 25 per cent. elongation in а, 


2-in. length. The rough axle should stand, without breaking, 


sixteen blows from а 1-ton tup, falling 25 ft. on the centre of the axle, the latter 
resting on supports 3 ft. 9 ins. or 4 ft. apart, the axle to be turned after each blow. 
Two per cent. of each batch of axles should be thus tested. 

Cast steel has been employed with some success for locomotive crank axles, but 
there appears to be nothing to be gained by its use for straight axles. Table OXXII. gives 
a list of various qualities of steel for axles. Nos. 1, 2, and 6, are specification figures, 
and the remainder are test figures, Nos. 2 and 8 are respectively the specification 
and test figures for the nickel steel in use in certain of the Central London motor 


axles. 
Taste CXXII. 
Various Qualities of Steel for Axles. 

E Elastic Limit, | Breaking Strain, | : Reducti 
Е | Maker and Descriptio 1. eae cee Sane nien Dm забон of ee 
7 | Inch. Square Inch. рег cont: per cent. 

| Y Ё ч 

| 
1 | Manhattan Elevated Railway, motor | 

| axle В 3 : : Not less than | 357 -- -- 

| 179 
2 | Krupp, Siemens-Martin . ; | -- 98 30 == 
9 | Krupp, 80-ft. nickel steel . ү 2 24 82 30 -- 
4 x т Тия 2 24:18 88:8 41 | 65 
5 |J. Baker & Co. . -- 86 | 97 53 
6 | 5. Fox & Co. — 36 | 29 51 

| 


For attaching wheels, whether driving wheels or otherwise, to axles, the authors 
have always found a press fit without keys to be quite satisfactory. As the axles do 
not have to transmit such severe torsional shocks as those of steam locomotives, keys 
are usually unnecessary, and it is an obvious advantage to avoid the use of keyways in 
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the driving axle where possible. On the Central London Railway the wheels, which 
are 34 ins. in diameter, are pressed on to the axles, which are 53 ins. in diameter in the 
wheel fit, with a pressure of not less than 50 tons or more than 60 tons. The tractive 
force exerted by the motor at full rated load is about 3,200 lbs. at 17-in. radius, 
and the sharpest curve on which these trains run is 150-ft. radius. А good general 
rule when keys are not employed is to allow 10 tons pressure for every inch of axle 
diameter in the wheel seat. 

With regard to wheel centres, there appears to be little to choose between wrought 
iron and soft cast steel. The former material is perhaps more generally employed, but 
a cast steel of about 28 to 32 tons per square inch ultimate tensile strength and 
a minimum elongation of 15 per cent. in a 2.in. length is found to give good results 
in locomotive practice, and should therefore be quite satisfactory for electric traction, 
especially as the castings are somewhat simpler in form. It must be borne in mind in 
dealing with wheel centres generally that the wheels of electrically driven vehicles, 
like the axles, are subject to heavy shocks due to the fact that a considerable propor- 
tion at least of the weight of the motor is carried direct on the axle. Where gearless 
motors are employed, with the entire weight of the motor carried without springs, 
considerable trouble has been experienced from time to time by failures of wheel 
centres, even where these were of exceptional strength judged merely by the load. 
For wheels other than driving wheels a wood centre is, of course, quite suitable, and 
possesses several advantages which need not be discussed here, as they are well known 
in ordinary railway practice. In tube railways they are particularly advantageous on 
the score of noise. Tyres are usually secured to the centres by a lip on the side of the 
wheel centre and by a locking ring, which should be shrunk on at a low heat. 
Fig. 487 shows the standard sections of tyres and fastening rings approved by 
English railway companies for private owners’ wagons. In the case of driving 
wheels it is a common practice to omit the locking ring and secure the tyre by means 
of the lip and by studs screwed through the rim into the tyre from the inside. An 
example of this will be noticed in the Lancashire and Yorkshire bogie (Fig. 402). 
Another method, illustrated by No. 4 of Fig. 437, and also by the Manhattan driving 
wheel (Fig. 486), is to have two locking rings and secure these and the tyre to the 
centre by means of bolts parallel to the axle. The standard width and depth of rail- 
way tyres having been arrived at as the result of long experience, they should be 
adhered to unless there is some substantial reason for departing from them. The 
standard width of tyre in this country for coaches and wagons is 5 ins. For driving 
wheels it is desirable to follow steam locomotive practice and make the width 54 ins. or 
at least 54 ins., especially if, as will happen in many cases, the train is to be pushed 
from the rear, as well as pulled from the front. Narrow wheels are very objectionable, 
as they travel badly, cause undue wear at points and crossings, and, indeed, necessitate 
extreme care to avoid frequent derailments at these places. For tube railways, how- 
ever, where, as has been pointed out above, the allowable wear on wheel treads is 
small, it is permissible to employ a thin tyre, as otherwise tyres will have to be 
replaced before they are rendered unserviceable by their thinness. In order to obtain 
the best material to ensure safe and economical running, it is necessary to consider 
carefully the type of service in which tyres are to be employed. For railways with 
numerous stops, which implies heavy wear due to braking, a hard tyre is desirable ; 
and as speeds under this condition will be comparatively low, such tyres can be 
employed with safety, whereas, at very high speeds, an extremely hard tyre may 
be undesirable and will not be so necessary owing to the conditions of service. For 
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tube railways, it is of particular importance that the hardest tyre consistent with 
safety be employed, since the allowable variation from the standard loading gauge is 
usually small, and the depth of wear on the tyres is consequently less than in ordinary 
practice. Several qualities of steel, recommended by various makers, are given in 


cone lin 20 


Fig. 437. TYRE Sections (Issued 1904). 


Table CXXIII. Nos. 1 to 3 are specification figures; the remainder are from actual 

tests, Nos. 3 and 4 being respectively the specification figures and the test figures for 

the same steel. It has been found that for tube railway work a steel of No. 6 quality 

is far too soft, and even No. 5 necessitates frequent turning up of the wheels. On the 
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Central London Railway there are a number of wheels with tyres of No. 8 steel; they 
have not been in service long enough to form a definite opinion of the material, but so 
far they have proved quite satisfactory, and the wear appears to be much less than on 
the other tyres. Two per cent. of each batch of tyres should be subjected to the 
falling weight tests. 


Тавък CXXIII. 


Qualities of Steel for Tyres. 


| 8 4 
| ЕСЕ | я 
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Е | Description. Ёл ро ВЕ 
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8 | 5 
1 | Brown, Bayley. | 48 | 14 — | Tyre to stand deflection of } of original diameter. 
Analysis : Carbon, 0:6 per cent. ; silicon, 0°25 per cent. ; 
| sulphur, under 0:04 per cent.; phosphorus, 0:04 
Е рег cent.; manganese, 0:70 per cent. 
2 | Krupp, Siemens-| 50 12 — | One-ton Бар falling from 5, 6, 7, up to 10 ft. till internal 
| Martin deflection, 10 per cent. of diameter. 
8 | Krupp, crucible | 30 12 — | Two blows each at 10 and 15 ft. from 1-ton tup. 
steel 
4 | е SOE 1O 12 — | Two blows each at 10, 15, and 20 #5. from 1-ton tup. 
| stee | 
5 | Krupp, “С.Н.” | 72:6 | 15 32 | Diameter of tyre, 282 ins. (internal). 
steel | Blow from 1-ton tup 10 ft. inte diameter = 281 ins. 
э, э , 23 = 285 ” 
3 Л 15 m = 24 » 
è 15 — 28 > 
E » 20 » = 2145 » 
; 20, = 264 „ 
я abe ty Е = 261 ,, 
» ». 80 ., » T = 25 , 
6 | J. Baker & Со..| 50 91:5 39 | Blow from 1-ton tup, first blow 8 ft., deflection 1 in. 
E * ҰЛ MES B 
2 < 25 Па че 1% ins. 
y 5 14 ,. ab lE ро 
| + js MIN LOU. DE Оле 
ә T “A 1ё.., x 8$ , 
зо 20 ,. » 81% ,, 
» э» ” 30 39 f 5i ” 
7 | Original trailer) 88 23 40 | Pressure to deflect tyre : 
сат tyres оп ЗЕ шв. = 90 tons. 
Central Lon- 4 --95 „ 
don Railway 


463 


Index 3 


ACCELERATION, 21 ей seq. 

Distribution of tractive effort amongst axles, 29 

Electrical Equipment Weight, 43 

Energy required for, 18 

** Motor Curve," 95, 32, 48, 62, 66 

Power, 
Amount required during, 31 
Ratio of maximum to average power at axles, 

51 

Relation of maximum to average input to train, 

50 


Schedule Speed Limitations, Method of Investi- - 


gating, 54 
Series Motor Characteristic, 32 
Steam versus Electric Service, 29, 34, 51 
Variable rate of, effect on Rolling Stock and 
Permanent Way, 32 
Accumulators, 
Comparative Cost of Plant with and without, 
200 
Use of in Sub-stations, 191 
Adhesive Coefficients, 326 
Air, 
‘Compressor, Motor-driven, 336 
Pumps, 112 
Edwards’ type, 118 
Resistance, Relation to Total Resistance, 10 
Algemeine Elektricitats Gesellschaft, 
High Speed Motor Car used for Berlin-Zossen 
Tests, 362 
Winter-Eichberg type of Motors, 394 
Allen, A. H., on Central London Railway Sub- 
Stations, 212 
Alternating Current, 
Current Values in Track Rails, 286 
Equipments, see Electrical Equipments 
Generators, see Generators 
Motors, see Motors 
Resistance of Rails to, 280 
American Bogie Truck, 433 
Brake Foundation in Trailer Bogie, 446 
American Locomotive Co., Electrie Locomotives 
for New York Central Railway, 292 


` American Master Car-builders’ Association, 


Axle-Box, 454 
Axles for Freight Cars, 458 
Material, 460 
Brake Heads and Shoes, 449 
Rounded Keep for Journal, 457 
Swing Bolster, 434 
American Society of Civil Engineers, Recommen- 
dations for Track Rails, 269 
American Street Railway Association, 
Axle Box, 454 
Axles for Electric Cars, 458 
Standards Committee Recommendations, 459 
Motor Bogies, Play of Journal in Brass, 457 
Anderson, E. H., on Speed-time Curves, 53 
E.R.E. ) 


465 


Armature, 
Effect on design of Fly-wheel, 104 
Magnetomotive Force, 176 
Method of Mounting on City and South London 
Locomotive, 315 
Rotational Energy of, 21, 448 
Type to be employed with Compound-wound 
Synchronous Motors, 175 
Armstrong, on 
Effect of frequent stops in high-speed rail- 
roading, 84 
High Schedule Speeds, 91 
Light versus Heavy Trains, Tractive Force re- 
quired, 87 
Live Load Percentage, Note 13 
Some phases of the Rapid Transit Problem, 23 
Ashe, S. W.—Starting Converters, 205 
Ashe and Keiley on Ratio between dead and told 
Weight of Cars, 13 
Aspinall, on 
Air Resistance, 10 
Comparison between heavily loaded and light 
trains, Note 11 
Tractive Resistance, 4 ef seq. 
Auxiliary Apparatus for New York Central Loco- 
motive, 296 
Avery Weigher, 124 
Axle(s), 
Attachment of Wheels to, 460 
Boxes, 453 
Distribution of tractive effort amongst, 29 
Guards for Bogies, 435 4 
Maximum instantaneous Power required, 44, 49 
Power and Energy, Relation of to Tractive 
Force, 40 
Ratio of Maximum to Average Power, 91 
Recommendations of American Street Railway 
Association Standards Committee, 459 
Standard for Freight and Electric Cars, 468 
Steel, Various qualities for, 460 
Weight of Motor on, 451 


BABCOCK AND сох Water-Tube Boilers, 129 
* Baggage Car” type of Paris-Orleans Electric 
Locomotive, 324 
Baker Street and Waterloo Railway, 
Conductor Rails, Method of Mounting and 
Insulating, 261 
Insulators, 250 
Baltimore and Ohio 1896 Gearless Locomotives, 
Data, 307 
Trucks, 431 
Baltimore and Ohio 1903 Geared Locomotives, 
310, 386 
Trucks, 431 
‘Barbier on Power absorbed by Locomotive com- 
pared with Train, Note 12 
НОН 


INDEX 


Barometric Condenser, 110 
Barrett, Brown and Hadfield—Test Results, 247, 
248 
Basic Open-hearth Rails, 269 
Battery-Booster Set, 192 
Bearings—Standard Composition for Coach and 
Wagon Journals, 455 
Berlin-Zossen Tests, 5 ef seg., 172, 362, 391 
Camp’s Concise Résumé of, Note 6 
Bessemer Steel Rails, 269 
Blood’s Formula, 87 
Board of Trade Regulations on, 
Earthed Conductors, 277, 284 
Supporting Suspension Cables, 259 
Voltage drop in uninsulated Conductors, 241 
Bogie Trucks, see Trucks 
Boilers, 107 
Mechanical Stokers versus Hand Firing, 109 
Bolsters, Swing and Rigid, 434 
Bolts, Inferiority of to Rivets, 440, 448 
Boosters, 
Compound-Wound in series with Battery, 192 
Track, Arrangementfor Alternating Current, 284 
Brake(s), 
Foundation Work, 445, et seq. 
Heads, 449 
Shoes, 
Energy dissipated at during Retardation, 23, 
48 


English and American types, 448 
Braking, 
Gradients, 81 
Rate of Retardation during, 23 
Regenerative Control methods of Restoring 
Energy, 46 
Brill Truck, 435, 441 
Bristol Tramways, 
Generating Plant, 115 
Plan of Power Station, 124 
Type and Capacity of Plant Installed, 126 
British Insulated and Helsby Cables, Ltd.— 
Cables furnished to London Underground 
Electric Railways, 158, 161 
British Thomson-Houston Co., 
Compensated Series Single-phase Motor, 396 
Overhead Conductor and Supports, 263 
Winter-Eichberg type of Motors, 395 
British Westinghouse Co., see Westinghouse Со. 


CABLES, 
Concentric—Standard Thickness of Insulation 
and Lead Sheathing, 162 
Three-Core, 
Construction, 
Central London Railway, 156 
District Railway, 158 
Metropolitan Railway, 161 
New York Subway, 154 
Engineering Standards Committees’ Recom- 
mendations, 147 
Henley’s Patent 
Cable, 162 
High Tension Cable Joint, 160 
High Tension Transmission System, Cost 
and Construction, 140 
Installation, 142, 153 
Maximum Current Densities permissible in 
Copper Conductors, 148 


“Lamine” Conductor 


Cables, contd. 
Three-Core, contd. 
Paper versus Rubber Covered, 150 
Standard Thickness of Insulation and Leađ 
Sheathing, 162 
Temperature Distribution in, 149 
Ferguson’s Tests, 150 
Temperature Rise in, 148 
Twin—Standard Thickness of Insulation and 
Lead Sheathing, 162 
[ See also Suspension Cables] 
Callender’s Cable and Construction Co.— Cables 
supphed for District Railway, 160 
Camp’s W. M. Résumé of Berlin-Zossen Tests, 
Note 6 
Car Axles, 457 
Car Wheels—Ratio of Maximum to Average 
Energy at, 69 
Carbon, 
Effect on Conductivity of Steel, 247, 248 
Percentage of in Track Rails, 269 
Carriage Axle Boxes, 453 
Carter on, 
Adhesion Coefficient, 326 
Arrangement of Track Boosters, 284 
Energy Consumption, 80 
Kinetic Energy of Train due to Rotating parts, 21 
Location of Sub-Stations, 241 
Rated Capacity of Electrical Equipment, 84 
Rating of Railway Motors, 55 
Speed-time Curves, 53 
Tractive Resistance and Power required, 15 
Weights of Continuous Current Equipments, 88 
Weights of Single-phase and Continuous 
Current Motors, 389 
Caseade Control, 391 
Cascade Motor set of Valtellina Locomotive, 335, 
337 
Central London Railway, 
Axles, 458 
Method of Attaching Wheels to, 461 
Bogie Truck, 438 
Arrangement of Contact Devices, 453 
Parshall’s Design, 439 
Brake Arrangement, 441, 447, 450 
Play of Journal in Brass, 457 
Position, 452 
Brake Block, 449 
Cable Construction, 156 
Carriage Axle Box, 455 
Conductor Rails, Method of Mounting and 
Insulating, 251 
Crown Rail Bonds, 277 
Equipment Weight and Energy Consumption, 95 
Gearless Locomotives, Data, 317, 386 
С.Е. 66A Motor, Employment of, 54 
Generating Plant, 101 
Cost and Comparison, 133 
Plan of Power Station, 115 
Type and Capacity of Plant Installed, 119 
Gradients, Energy supplied by, 18 
Insulators, 250 
Kinetic Energy of Armature, 448 
Latest Type of train, Motor Equipment, Data, 
ete., 57 
Operation of, 61 
Speed, Tractive Force and Power Caleula- 
tions, 68 
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Central London Railway, contd. 
Starting Resistance, 4 
Sub-Station, Technical Data, 208 
Comparative Costs of Rotaries and Motor 
Generators, 186 
Plan and Equipment, 212 
Tests, 
Rail Resistance to Alternating Currents, 281 
‘Tractive Resistance, 8, 66 
Tyres, 463 
Centrifugal versus Reciprocating Pumps, 111 


Chambers’ Patent Third-Rail Insulator, 251 


Channel Rail, Use of, 251 
Characteristics of Electric Railway Motors, 54 
Chicago Rail Bond, 276 
Chimney—Height, Effect’of on Draught, 108, 115 
City and South London Railway, 
Conductor Rails, Method of Mounting and 
Insulating, 251 
Curyes, Tests showing effect of on Tractive 
Resistance, Note 11 
Gearless Motors, 315 
Starting Resistance Experiments, 4 
Tractive Resistance Tests, 8 
Trucks, 431 
Arrangement of Contact Devices on, 453 
Clark, D. K.—Formule for Designing Semi- 
Elliptical Springs for Locomotives, 444 
Clearing House Conference—Position of Con- 
ductor Rails, 255 
Coasting, 23 
Influence on Speed-time Curves, 76 
Reduction of Energy at Axles, 48 
Retardation due to Train Friction, 66 
Coefficients, 
Adhesive, Steam and Electric Locomotives, 
326 
Weight Coefficient of Railway Motors, 373 
Columbia Rail Bond, 277 
Commutation in Single Phase Motors, 415, 421 
Commutator, Deterioration of—Single Phase 
versus Continuous Current Motors, 96 - 
Compensator, 
Connection of Three-phase Rotary with, 204 
Oil-Cooled Type, 402 
Compounding, Effect of a change in adjustment, 
183 
Condensing Plant, Type and arrangement, 109 
Conductors, 
British Standard Sizes, 147 
Construction and Supports, 162 
Maximum permissible current densities, 148 
Overhead System, 246 
Suspension Cables, 260 
Voltage drop in uninsulated—Board of Trade 
Restrictions, 241 
[See also Rails, Conductor. | 
Conduit Construction—Single versus Multiple 
Ducts, 153 
Contact Devices, 
Arrangement on Bogie Trucks, 453 
New York Central Locomotive, 297 
Paris Orleans Locomotive, 323 
Continuous Current, 
Generators, see Generators 
Motors, see Motors 
Overhead System, 245 
Track Rails, 286 
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Continuous Current versus Single Phase System, 


95, 360, 386, 419 
Carter on, 242 
Comparative Capital and Operating Costs, 426 
Deterioration of Commutator, 97 


Contour of Train, Effect of on Resistance, 10, 13 
Control System, 63, 69 


Baltimore and Ohio 1903 Geared Locomotive, 
811 
British Thomson-Houston Single Phase Rail- 
way System, 403 
British Westinghouse Single Phase Motors, 405 
Electro - pneumatically controlled Unit 
Switches, 411 
Cascade System, 335, 391 
Gradients versus, 81 
New York Central Electric Locomotive, 295 
Parallel versus Series Parallel, 74, 75 
Paris-Orleans Locomotive, 325 
Pneumatic Control Connections for Rheostat, 
339 
Regenerative Control Methods of Restoring 
Energy, 46 
Regenerative versus Series Parallel, 47 
Rheostat Loss, 58 
Valtellina Motor Cars, 343 
Ward-Leonard System, 351 
Converters, see Rotary Converters 
Cook, E. Е., Trucks for District Railway, 439 
Cooling, 
Curve, 82 
Towers, 114 
Type of Condenser, 110 
Copper, 
Cost, 142 
Losses, 82 
Costs, 
Capital and Operating for Continuous Current 
versus Single Phase Railway Systems, 425 
Geared versus Gearless Equipments, 372 
Crane used on Central London Railway, 212 
Crown Rail Bond, 277 
Cserhati—Regenerative features at Valtellina, 338 
Current Density in Track Rails, 286 
Curtis Turbine Generator for operating New York 
Central Locomotive for tests, 298 
Curves, 
Comparison between Carter's and Armstrong’s, 
85 
Effect of on tractive resistance, 11, 13 


Dawson on Weights of Single Phase and Con- 
tinuous Current Equipments, 388 

Dielectric, 
O’Gorman’s principle of Grading, 143 
Standard thickness, 164 
Strength of Cable insulated with Varnished 

Cambric, 141 

Distributing System, 244 
Protection of Live Rails, 251 
[See also Third Rail and Overhead Systems. | 

District, Metropolitan, Railway, see London 
Underground Electric Railways 

Diversity Factor, 69 

Draught — Chimney, Draught produced by, 
dependent upon height and temperature of 
gases, 108, 115 

Drifting, see Coasting 
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Driving Wheel Diameter, 372 
Doulton’s Insulators, 250 
Doyle and Brinckerhoff's Keyless Driving Wheel, 
460, 461 
Dublin United Tramways, 
Generating Plant, 115 
Cost and Comparison, 133 
Plan of Power Station, 127 
Type and Capacity of Plant installed, 130 
Ducts, 153 
Dudley, Dr. P. H., on 
Influence of rail on tractive resistance, Nofe 5 
Power absorbed by locomotive compared with 
train, Note 12 
Dynamos, see Generators 


EARLE, Mr.— Cost of Cables, 187 
Karthed Conductors, Board of Trade Regulations, 
271, 284 
Eastern Railway of France, Note 12. 
Ecole d' Electricité, Tests of Rail Bond Resistances, 
279 
Edwards' Air Pump, 118 
Efficiencies, 
Continuous Current and Single Phase Motors, 
415 et seq. 
English and Foreign Power Stations, 134 
Thermal Efficiency of Power Station Plants, 136 
Hichberg, Development of Single-phase Commu- 
tator Motors, 393, 394 
Electric 
Cars—Motor Axles, 458 
Locomotives, see Locomotives 
Motors, see Motors 
Railway Service—Axle-box, type of, 455 
Traction versus Steam Traction, 18, 29, 34, 61, 
88, 325 
New York Central Railway Tests, 301 
Valtellina Railway, 344 
Electrical Equipment, 
Carter’s Curve of Rated capacity of, 84 
Contact Devices, 297, 453 
Gearless versus Geared, Relative weights and 
costs, 372 
Locomotives and Motor Carriages, 291 
Overhead System, 245 
Single-phase versus Continuous Current Sys- 
tems, 97, 388, 422 
Weight, 29, 31, 43 
Baltimore and Ohio 1903 Geared Locomo- 
tive, 314, 386 с 
Central London Gearless Locomotive, 319, 
386 
Central London Railway, Percentage to total 
train weight, 95 
New York Central Locomotive, 293, 386 
Paris-Orleans Geared Electric Locomotive, 
323, 386 
Siemens and Halske high speed 10,000 volt 
three-phase Locomotive, 357 
Weight including Continuous Current Motors 
and Accessories, Carter’s data, 88, 94 
[See also Locomotives and Motors. | 
Electrical Power Generating Plant, 101 ей seq. 
[See also Generating Plant. ] ; 
Elliott Bros., Leakage Indicators, 222 
Elliptical and Semi-elliptical Springs, 444 


Energy, 
Amount dissipated at Brake Shoes during 
retardation, 23 
Consumption, 
Axles, 40 
Central London Railway, 95 
Influence of Gradients, 80 
Employed in overcoming journal friction, 456 
Ratio of maximum to average energy at car 
wheels, 69 
Recoverable, 
Gradients, 81 
Percentage of, 47 
Regenerative Braking, 46 
Reducing, Methods of, 23, 48 
Rotational Energy of Armature, 21, 448 
Supplying, Methods of, 18 
Engineering Conference— Position of Conductor 
Rails, 255 
Engineering Standards Committee, 
Insulation and lead sheathing for three-core 
and Concentrie Cables, 162 
Stranded Conductors, 147 
Track Rails, 270 
Equalising Lever, 432 
Evaporation, Heat transferred from water to air 
by, 114 


Fares, Difficulty of adjusting, 90 

Farnham Co. of Chicago, Type of “under con- 
tact” third rail, 254 

Ferguson, L. A., on 
Conduit Construction, 153 
Temperature distribution in Cables, 150 

Field Excitation, 
Effect of re-arrangement, 183 
Series Motors, 54 

Field Magnetomotive Force, 176 

Finzi, Compensated Series Single-phase Commu- 
tator Motor, 395, 422 

Fly Wheel, 103 

Forest City Electrical Co., ** Protected" rail 
bonds, 275 

Frame Design, Weaknesses, 449 

Freight Service, : 
Freight weight, percentage of total train weight, 

12 


Standard Motor Axles, 458 
Friction, 
Journal, Energy employed in overcoming, 456 
Losses, see Losses. 
Train, 66 
Fuel, Thermal value, 108 
Furnace temperature, 107 


Ganz & Co., 
Italian State Railways, Polyphase Locomotive 
1906 type, 341 
Valtellina three-phase gearless locomotive, 326 
Gear Ratio, Effect on speed and tractive effort, 82 
Geared versus Gearless locomotives, 315, 325 
[See also Locomotives. ] 
Gearing Losses, 55 
Geipel Steam Traps, 126 
General Electric Со. of America, 
Method of protecting live rail, 253 
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General Electric Co. of America, contd. 
Motors, 
Compensated series single-phase commutator 
motors, 395 
С. Е. 66A motor, 54 ей seq. 
С. Е. 605 75 h.p. motor, 396 
New York Central Railway Electric Locomo- 
tive, 292 
Tests, 295 
Rail Bonds, 274 
Resistance and Composition of Steel, Test 
results, 247 
Generating Plant, 
Arrangement, desigu and characteristics, 101 
et seq. 
Capacity, 248 
Condensing Plant, arrangement and type, 109 
Cost of operating and maintaining, 152 
Generator, Conditions to be fulfilled by Con- 
tinuous Current and Alternating Current 
type, 104 : 
Mechanical Stokers versus hand firing, 109 
Turbines versus high speed reciprocating 
engines, 101, 103, 113 
Generating System, see Generating Plant and 
Power Stations 
Generators, 
Alternating and Continuous Current type, 104 
Specification for, 
550 k.w. vertical cross compound Continuous 
Current Steam Generator, 104 
2,500 k.w. vertical three cylinder compound 
three-phase steam generator, 105 
Synchronous versus Induction motors, 173 
Voltage calculation, 180 
[See also Motor Generators. | 
German Society of Electricians— Current Densities 
permissible in Copper Conductors, 149 
Glasgow Corporation Tramways, 
Generating Plant, 115 
Cost and Comparison, 133 
Plan of Power Station, 120 
Type and Capacity of Plant installed, 122 
Gottshall, W. C., on 
Tractive Resistance, 7 
Reduction, Note 11 
Increase of as a function of speed, Note 24 
Gradients, 
Braking on, 81 
Energy supplied by, 18 
Influence on 
Speed-time curves, 76, 80 
Tractive Resistance, 13 
Great Northern and City Railway—G. E. 66A 
Motor, 54 
Great Western Railway, 
Carriage Axle-box, 455 
Chambers’ Insulator, 251 
Trucks with helical axle-box Springs, 493 
Grindle on Storage battery prices, 201 


Натртх, Drurrr—Comparison of power absorbed 
by locomotive and train, Note 12 
Hand firing versus Mechanical Stokers, 109 
Hay, Н. A., 
Motor bogie design, 435 
Braking, 450 


Нау, Н. А., contd. 
Motor bogie design, contd. 
Play of Journal in Brass, 457 
Tyre, 461 
Heat transferred from water to air by radiation 
and evaporation, 114 
Heating, 82 
Cables, Heating of, 148 
Surface, 107 
Hedley's Motor Truck, 441 
Brake foundation, 447, 450 
Helical Springs, Formule for, 445 
Henley's Patent “ Laminæ” Conductor Cable, 162 
Heyland—Investigations on Polyphase Induction 
Motors, 392 
High Speed Electric Traction, Gearless loco- 
motive especially adapted to, 325 
High Tension Transmission System, see Trans- 
mission System 
High Voltage Continuous Current Motors, 386 
Highfield, Data on Storage Battery Prices, 201 
Hubbard's Booster-Battery Connections, 195 
Hunt Automatie Shovel, 124 


IMPEDANCE of overhead circuit with rail return 
283 
Induction Motors, see Motors 
Input to train, Relation of maximum to average, 
80 
Installation of Cables, 142, 153 
Institution of Electrical Engineers—Maximum 
permissible current in Copper Conductors, 148 
Insulating Conductor Rails, 248, 201 
Insulation on Cables, 141 
Paper versus Rubber, 150 
Standard thicknesses, 162 
Insulators, 
Cable, Suspension Cables, 260 
Rail, 
Chambers’ Type, 251 
Material used, 249 
Reconstructed Granite Co.'s type, 251 
Interborough Rapid Transit Co., see New York 
Subway 
Iron, 
Brake Shoes of cold blast cast iron, 450 
Losses, 82 
Resistance, 246 
Italian State Railways, 
Ganz (1906) polyphase locomotives, 341 
[See also Valtellina Railway. ] 


JET Condenser, 110 
Journals, 
Composition of bearings for coach and wagon 
journals, 455 
Friction, Energy to be employed in overcoming, 
456 
Play in Brass, 456 
Pressures, 457 


KAVANAGH, А. L., on current densities in Cables, 
149 

Kinetic Energy, 21, 80, 448 

Korbully Axle Box, 455 
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“LAMINE” Conductor Cable, Henley's Patent, 

162 

Lamme, В. G., on 

Compensated Series Single-phase Commutator 
Motor, 395 

Single-phase railway system, 393, Note 415, 420, 
421 

Lancashire and Yorkshire Railway, 

Bogie Truck for Electric Motor Cars, 435 
Arrangement of Contact Devices, 453 
Braking, 450 
Method of securing Tyre, 461 
Play of journal in brass, 457 

Experiments showing power absorbed by loco- 
motive compared with train, 12 

Lancashire Boilers, 107 
Langdon, W. E., on position of conductor rails, 
255 
Langen Mono-rail System, 367 
Latour—Development of single-phase commutator 
motors, 392-4 
Lead Sheathing, 148, 162 
Standard thickness, 164 
Leakage, 
Indicators, 222 
Track Rails, Leakage from, 285 
Lincoln, P. M., on 

Single-phase system, 420 

Single-phase versus Continuous Current Equip- 
ments, 422 et seq. 

Live Rails, Protection of, 251 

Liverpool Overhead Railway—Tests showing 
accelerating rate, Mr. Mordey on, 31 

Load, 

Characteristics, Е 
Choice of motor and gear ratio, 82 
Fluctuation, 81 

Curves, 54 

Locomotives and their electrical equipment, 291 
et seq. 

Frames, 

Material, 432 
Types, 442 

Geared, 

Baltimore and Ohio 1903 Locomotive, 310, 386 
Trucks, 481 

Gearless versus, 315, 325 

Paris-Orleans type, data, 319, 386 
** Baggage Сат” type, 324 

Gearless, 

Advantages associated with greater weight 
of, 326 
Baltimore and Ohio 1896 Locomotive, data, 
307 
Trucks, 431 
Central London Railway, data, 317, 386 
Geared versus, 315, 325 
New York Central Railway, data, 292, 386 
Especially adapted to high speed electric 
traction, 325 
Tests, 298 её seq. 
Trucks, 432 
Valtellina polyphase, 326 
Italian State Railways— Ganz 1906 polyphase 
Locomotive, 341 

Motor Cars versus, 291, 344 

Oerhkon 15,000 volt, 15 cycle equipped with 
single-phase Commutator motors, 347 


Locomotives and their electrical equipment, contd. 
Siemens & Halske high speed 10,000 volt 
3-phase, 304 
Single phase with Continuous Current Driving 
motors, 416 
Oerlikon type, 351 
Steam, 
Electric versus Steam, 325 
Equalisers, Note 432 
New York Central ** 999” type, 294 
[See also Electrical Equipment. | 
London, Brighton and South Coast Railway, 
Weight of Single-phase equipment, 390 
Winter-Eichberg Motors, 394 
London Underground Electric Railway, 
Conductor Rails, 246 
Insulators, 250 
Metropolitan District Railway, 
Brake heads and shoes, 439, 449 
Cable construction, 158 
Conductor rails, Position of, 255 
Contact devices on truck arrangement, 453 
Forest City Bonds, 276 
Sub- station—technieal data, 908 
Plan and Equipment, 225 
Trailer and Motor Bogies, 439, 441 
Metropolitan Railway, 
Cable Construction, 161 
Conductor Rails, Position of, 255 
Sub-stations—technical data, 208 
Plan and Equipment, 223 
Weight of continuous current equipment, 390 
Long Island Railway, 255 
Losses, 55 
Copper and Iron caleulations, 82 
Frietion—dry versus wet air pumps, 112 
Line loss and regulation, 145 
Rheostatic, 
Effect of severity of service, 50 
Reduction by series parallel Control, 58 
Single-phase commutator motors, 415, 421 
Lyndon, Lamar, on Storage Batteries, 195, 202 


MaaNETIO Circuit, Saturation of, 54 
Magnetomotive force, 176 
Manganese, Effect on conductivity of steel, 248 
Manhattan Elevated Railway, 
Insulators, 250 
Motor Truck, 437 
Axle, 458 
Brake arrangement, 447 
Journal play in brass, 457 
Keyless driving wheel, 460, 461 
Sub-station expenses, 242 
Master Mechanics’ Association— Standard axle- 
box, 454 
McDoble on Adhesion coefficient in steam and 
electric locomotives, 326 
McGuire Bogie Truck, 440 
McMahon, Mr. P. V., on 
Gearless Motors, 315 
Starting Resistance Experiments, 4 
Tractive Resistance Tests, 8 
Tests showing effect of curves on, Note 11 
Mechanieal Resistance, Relation to total resist- 
ance, 10 
Mechanical Stokers versus hand firing, 109 
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мо Railway, Method of protecting live rails, 
25 
Metropolitan Railway, see London Underground 
Hlectric Railways 
Meyer on journal pressures, 457 
E traction systems, Rolling Stock for, 
36 
Mordey, W. M., on acceleration, 31 
Motor 
Carriages and their electrical equipment, 291 
Oars, 
А.Е.б. High Speed Zossen, 362 
Electric Locomotives versus, 291, 344 
Siemens & Halske High Speed Zossen, 362 
Valtellina Railway, 343 
Characteristics, 
Average profile of the line, 83 
Hlectric Railway Motors, 54 
Control, see Control System 
Curve, Acceleration on, 25, 
Generators, 
Economie advantage of, 188 
Oerlikon single-phase locomotive with con- 
tinuous current driving motor, 351, 416 
Rotary Converters versus, 173, 186, 189 
Starting of Asynchronous motor generator 
sets, 208 
Motor driven air compressor, 356 
Motors, 
Alternating Current, 
Losses in transformers and. potential regula- 
tors, 56 
[See also Motors, Single-phase, Polyphase and 
Synchronous. | 
Continuous Current, 
Electrical equipment data, 88, 94 
High voltage, employment of, 386 
Losses in external resistances, 56 
Schedule speed, 29 
Series motor, 
Characteristics, 32 
С.Е. 66A, 54 et seq. 
Variation in design, 54 
Weight Coefficient, 373 
Geared versus gearless, 315, 432 
Induction, 
Employment for driving continuous current 
generators, 173 
10,000 volt three-phase motors for Siemens & 
Halske Locomotive, 355 
Method of attaching to bogie, 451 
New York Central Locomotive, Motor for, 294 
Nose versus Centre of Gravity method of sus- 
pending, 451 
Polyphase Induction, 391 
Disadvantages, 392 
Rating of Railway Motors, 55, 87 
Single-Phase Commutator, 
Compensated series type, 395 
СЕЛ. 605, 75 h.p. Motor, Description, 396 
Component Losses, Summary, .Note 491 
Development, 390 
Inferiority to Continuous Current Motor, 415 
Latour-Winter-Eichberg type, 393, 394, 
411, 418, 422 
Oerlikon 15,000-volt, 15-су@е locomotive 
equipped with, 347 
Repulsion type, 393 


32, 48, 62, 66, 73 


Motors, contd. 


Single-phase and Continuous current, weight, 
388 

Size dependent upon gear ratio, diameter of 
wheels, etc., 82 

Synchronous 
Employment for driving Continuous current 

generators, 173 
Phase characteristics, 174 
Y-connected, 177 
Mounting of Conductor Rails, 248 


NATIONAL Conduit and Cable Co. of New York, 
Cables furnished to Central London Railway 
156 
Current Densities, Conditions for three-core 
Cables, 149 
Neptune Rail Bond, 277 
New York Central and Hudson River Railroad, 4 
Conductor Rails, Under contact 3rd rail, 250, 
254 
Insulators, 250 
Live load percentage, 13 
Locomotive, 
Electric, data, 292, 386 
Especially adapted to high speed electric 
traction, 325 
Tests, 298—Steam versus Electric, 301 
Trucks, 432 
Steam ** 999” type, 294 
Steel Tower for supporting overhead portion of 
transmission line, 171 
Sub-stations, technical data, 208 
Plan and equipment, 232 
New York Subway 
Cable Construction, 154 
Method of protecting live rails, 253 
Sub-stations—Technical data, 208 
Plan and equipment, 238 
North Eastern Railway, 
Bogie truck for electric motor cars, 434 
Arrangement of Contact Devices, 453 
Brake foundation, 447, 460 
Goods locomotive frame, 433 
Sub-stations—technical data, 208 
Plan and equipment, 229 


OERLIKON Со. 
Motor Generator type of single phase locomo- 
- tive with continuous current driving motors, 
351, 416 
Switch, Overhead high tension, 354 
Track boosters, 284 
15,000 volt, 15 cycle locomotive with single 
phase Commutator motor, 347 
O’Gorman on Insulation on Cables, 142, 187 
Oil-cooled Compressor, 402 
Output—Single-phase versus continuous current 
motors, 417 
Overhead System, 258 
Alternating and continuous current systems, 
246 
Construction of conductor and supports, 162 
Contact collecting Devices of New York Central 
locomotive, 297 
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Overhead System, contd. 
High Tension Lines, 
Calculation of, 164 
Steel Tower for supporting, 171 
Suspension Cables, 259 
Third Rail System versus, 244 


PawTocRAPH TROLLEY, 414 
Paper versus Rubber Insulation, 150 
Parallel Control versus Series Parallel Control, 74 
Paris Metropolitan Motor Car with rigid wheel 
base, 430 
Paris-Orleans Railway, 
Geared Electric Locomotive, data, 319, 386 
** Baggage Car” type, 324 
Method of protecting live rails, 253 
Mounting and insulating conductor rails, 251 
Parry, E., on Distribution of Current Density, 285 
Parshall, 
Motor Bogie for Central London Railway, 439 
Brake arrangement, 441, 447, 450 
Switchgear, 213 
Passenger Weight, percentage of total train 
weight, 19 
Pennsylvania Railway, «ее 
Hazelton Railroad 
Periodicity for Alternating Current, 416 
Permanent Way, Effect of high acceleratin grates, 
32, 90 
Perrine and Baum, 171 
Play of journal in brass, 456 
Pneumatic control connection of rheostat, 335 
Polyphase induction motors, see Motors 
Polyphase transmission systems with rotary con- 
verter sub-stations, 190 
Potential Regulators, Losses, 56 
Power, 
Amount required during acceleration, 30 
Axles, Power at, 40 et seq. 
Maximum instantaneous 
axles, 44, 49 
Percentage absorbed by locomotive and train, 
12 
Ratio of maximum to average power at axles— 
Steam versus electric service, 51 
Power factor of single-phase motors, 418, 422 
Power Station, 
Arrangement of Plant, 107 
Bristol Tramways, 115, 124 
Central London Railway, 115, 133 
Dublin United Tramways, 115, 127, 133 
Efficiencies of English and foreign, 134 
Glasgow Corporation Tramways, 115, 120, 133 
Ratio between maximum and average input to 
train, Effect on, 80 
Thermal efficiencies of Plant, 136 
10,000 k.w. turbine station, 130 
Pressures, Journal, 457 
Profile of the Line, 83 
Pumps, 
Air, 
Dry and wet, 112 
Edwards’ type, 118 
Centrifugal versus reciprocating, 111 


Wilkesbarre and 


power required at 


RanpraATION— Heat transferred from water to air 
by, 114 


Rail, 
Bonds, 273 
Resistance data, 279 
Soldered, 278 
Insulators, see Insulators 
Rails, 
Conductor, 246 
Channel Rail, 251 
Data for various railways, 249 
Mounting and insulating, 248 
Overhead System, 258 
Position, 254 
Protection of live rails, 251 
Resistance to alternating currents, 280 
Under-contact type, 254, 302 
Track, 
Basic open-hearth, 269 
Bessemer steel rails, 269 
Bull-head rail, Standardization, 270 
Composition and Conductivity, 245, 267 
Conductor Rails versus, 246 
Leakage from, 285 
Resistance tests, 270 
[See also Third Rail System. ] 
Railton and Campbell Filters, 126 
Railways, 
Steam versus Electric, 13, 29, 34, 51, 88 
[See also Names of Railways.] 
Rankin’s Formule for design of helical springs, 
445 ` 
Rating of railway motors, 55, 87 
Reciprocating Engines versus steam turbines, 101, 
103, 113 
Reciprocating versus centrifugal pumps, 111 
Reconstructed Granite Co.’s types of Insulator, 
251 
Regenerative 
System 
Regenerative features observed at Valtellina, 
338 
Reichel—Advocate of continuous current motors, 
Note 392 
Repulsion type of single-phase commutator 
motors, 393 
Resistance, 
Air—Relation to total, 10 
Liquid starting, 74 
Loss in external resistance, 56 
Rail, 246 , 
Alternating Currents, resistance of rails to, 
280 
Tests, 270 
Rail bonds, data, 279 
Tractive, 61 
Air and mechanical components, 10 
Aspinall on, 4 ef seq. 
Berlin-Zossen tests, 5 et seq. 
Camp’s Résumé, Note 6 
Comparison between heayily loaded and light 
trains, 11 | 
Curves, Influence on, 11, 13 
Energy required to overcome, 18 
Gradients, Influence on, 13 
Influence of uncontrollable factors, 3, 5, 13 
Internal and external, 68 
Reduction of, 10 
Starting resistance, 4 
Tractive resistance at constant speed, 3 


Control System, see Control 
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` Retardation, Rate during braking 


| 
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INDEX 


, 23 
Rheostatie Losses, see Losses E 
Rheostats, Metallic and Water—Pneumatie con- 
trol connections for Valtellina “1904” loco- 
motive, 335 
Rivets, 440, 443 
Rolling Stock, 
Acceleration, Effect of high rate on, 32 
Data for various railway coaches, 14 
Mono Rail Traction Systems, 367 
Trucks, 430 ef seq. 
Valtellina Railway, 343 
Rotary Converters, 
Central London Railway, 217 
Comparative Costs, 189 
Line Loss and regulation, 145 
Motor Generators versus, 173 
Central London Railway sub-station, 186 
Phase characteristics, 177 
Series winding, 186 
Shunt excited, 184 
Six-phase, 177 
Employment, 172 
Synchronising and switching, 206 
Starting and synchronising of, 204 
Three-phase, 
Connection with compensator, 204 
Magnetomotive force of armatures, 177 
Synchronising and switching, 206 
Rubber versus Paper Insulation, 150 


SaMUELSON’s three-phase switch, 216 
Saturation of magnetic circuit, 54 
Schedule speed, see Speed. 
Schoepf—Weights of continuous current and 
single-phase motor equipments, 389, 390 
Series parallel control, see Control System 
Shawmut Soldered Rail Bonds, 278 
Shunt excitation—Effect of operating the rotary 
converter with, 184 ў 
Siemens оп Contour of Car, Note 11 
Siemens Bros., City and South London Gearless 
‚ Locomotive, 317 
Siemens & Halske, 
High Speed Zossen Motor Car, 362 
High Speed 10,000-volt 3-phase locomotive, 
354 
Single Phase Commutator Motors, see Motors 
Single Phase and Continuous Current System, 95, 
360, 386, 419 
Carter on, 242 
Comparative capital and operating costs, 425 
Deterioration of commutator, 97 
Smith, W. M., on Comparison of power absorbed 
by locomotive and train, Note 12 
Soldered rail bonds, 278 
Speed 
Average speed, 28, Note 91 
Effect of gear ratio оп, 82 
Schedule speed, 
Continuous current motors, 29 
Designation, 28, Note 91 
Limitations, 34 
Steam versus Electricity, 88 
Sprague, F. J., on Alternating and continuous 
current operation, 360 


Sprague, General Electric type of controlling 
appliances, 296 

Springs, 

Helical, Formule for, 445 
Semi-elliptical, Formule for, 445 
Steam, 
Heonomy—Turbine versus reciprocating engines, 
115 
Locomotives, see Locomotives. 
Piping arrangement, 107 
Railways, 
Axle-box, type of, 455 
Motor bogie truck design, 433 
Turbines, see Turbines. 
Steam versus electric service, 13, 29, 34, 51, 88, 325 
New York Central Railway Tests, 301 
Valtellina Railway, 344 
Steel 
Axles, qualities for, 460 
Brake heads, cast steel for, 450 
Conductivity of, 247 
Locomotive frames, 
Soft cast steel, 441 
Steel plate for, 432 
Tower for supporting overhead high tension 
transmission lines, 171 
Track rails, 269 
Tyres, Qualities for, 462 
Stewart, Mr.—Cost of Cables, 187 
Stone’s bronze alloy 456 
Storage Batteries, 
Auxiliaries—Battery-booster set, 192 
Modifications, 195 
Comparison of price in Germany, England and 
America, 201 
New York Central Railway Equipments, 236 
Storer on Series versus Parallel Control, 76 
Stresses, Axle, 458 
Sub-stations, 172 
Accumulators, Use of in, 191 
Comparative costs of Plant with and without 
accumulators, 200 

Capacity of Machinery, 242 

Central London Railway, 208, 212 
Rotary Converters versus Motor Generators, 

186 

Continuous Current Generators, 173 

Cost of Plant, 198 

Deseription of extensive tramway plant in 
South America, 188 

Design, 203 

Equipment of, for New York Central Locomo- 
tive tests, 299 

Location, 241 

Metropolitan District Railway, 208, 225 

Metropolitan Railway, 208, 223 

New York Central and Hudson River Railroad, 
208, 232 

New York Subway, 208, 238 

North Eastern Railway, 208, 229 

Polyphase "Transmission systems with rotary 
converter sub-stations, 190 

Rotary Converters, 145 

Transforming apparatus, 172 

Superheating, Advantages, 108 

Surface Condenser, 110 я 

Suspension—Nose versus Centre of gravity sus 
pension of motors, 451 
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INDEX 


Suspension Cables, 259 
Copper Conductors, 260 
Insulators, 260 
Switches, 
Electro-pneumatically controlled unit switches, 
411 
Oerlikon overhead high tension, 354 
Switchgear, arrangement of, 203 
Swivelling of Bogie, 443 
Synchronous Motors, see Motors 
Synchroscope on District Railway, 227 
Szasz on Efficiency in single-phase commutator 
motors, 421 


TEICHMULLER’S formule for calculating permis- 
sible current densities, 149 
Temperature, 
Distribution in Cables, 149 
Rise, 
Cables, 148 
Method of estimating, 82 
Third Rail System, 246 
Baltimore and Ohio 1896 Gearless Locomotive, 
509 
Overhead System versus, 244 
Paris-Orleans Line, 323 
Shoe of New York Central Locomotive, 297 
Under-contact rail, advantages, 254, 302 
Thomas’ Soldered Rail Bonds, 278 
Thompson, Elihu—Repulsion Motor, 393 
Three-phase continuous current system, Sub- 
station, 172 
Track, Experimental track for New York Central 
locomotive tests, 298, 302 
Track Rails, see Rails 
Tractive 
Effort, 
Effect of gear ratio on, 82 
Light versus heavy trains, 86 
Force, Power and Energy at Axles, 40 et seq. 
Resistance, see Resistance 
Tramway Plant—Description of extensive plant 
in South America, 188 
Tramways, 
Conductor, Method of suspending, 258 
Spare Generating Plant, 103 
Transformers, 
Losses, 56 
Motor Generators, 173 
Static, 172 
200 kilovolt ampere air blast, 347 
Transmission System, 140 
Cables, cost, construction, etc., 141 
New York Central Locomotive, special line for 
tests, 299 
Overhead lines, calculation of, 164 
Rotary Converter sub-stations, 190 
Single-phase system, spare line for, Note 426 
Steel tower, 171 
Trolley, 
Oerlikon overhead, 354 
Self-reversing Pantograph type, 414 
Trucks, Bogie, 430 ef seq. 
Axle, 
Boxes, 453 
Guards, 435 
Baltimore and Ohio Railway, 431 
Brake work, 445 ef seq 


Trucks, Bogie, contd. 
Brill type, 435, 441 
Built up steel frame, description, 434 
Central London Railway, 438 
` Motor and trailer brake blocks, 449 
Parshall's, design, 439, 441, 447 
City and South London Railway, 431 
Composition of bearings for coach and wagon 
journals, 455 
District Railway, 439, 441 
Effect of high accelerating rates, 90 
Electrical contact devices, arrangement of, 
453 
Equalising lever, 432 
European and American types, 433 
Frame types, 441 
Hedley’s motor truck, 441, 447 
Journals, play in brass, 456 
Lancashire and Yorkshire Railway, 435 
Brake work, 450 
Manhattan Elevated Railway, 437, 447 
Material suitable, 432 
Method of attaching motors to bogie, 451 
New York Central Railway, 432 
North Eastern Railway, 434 
Brake work, 450 
Rivets preferable to bolts, 440, 443 
Springs, 444 
Steel, Employment of, 441 
Swing and rigid bolsters, 434 
Valtellina Motor Cars, 343 
Tube Railways, 
High Tractive Resistance, 8 
[See also names of Railways.] 
Turbine, 
Generator for operating New York Central 
Locomotive, 298 
Plan of 10,000 k.w. power station, 130 
Reciprocating engines versus, 101, 103, 113 
Tyres, 461 


UNDER Contact Third Rail System, see Third Rail 
System 

Unit Switches, Electro-pneumatically Controlled, 
411 


VALATIN’s data for railway motors, 373 
Valtellina Railway, 
Liquid Starting Resistances, 74 
Locomotives, three-phase gearless, 326 
Motor Cars, 343 
Regenerative features, 338 
Steam versus electric traction, 344 
Venturi Water Meter, 118 
Verband Deutscher Elektrotechniker, Formule 
for calculating permissible Current Densities, 
149 
Voltage, 
Continuous Current Motors, 386 
Drop in uninsulated conductors, Board of Trade 
Restrictions, 241 
Effect on cost of cables, 145 
Method of calculating generator voltages, 180 
Transforming apparatus, 172 


WARD-LEONARD System of motor control, 351 
Water-tube boilers, 107 
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Weight, 

Electrical Equipment, 29, 43 

Geared versus Gearless equipment, 372 

Loaded train, 7 

Motor on axles, 451 

Percentage of. passenger and freight weight to 

total train weight, 12 

Railway Motors, 373 

Ratio between dead and told weight of car, 13 
Westinghouse Company, 

Exhibition car, 414 

Oil Break High Tension Switches, 230 

Overhead Conductor and supports, 263 

Standard single-phase railway motor, 405 
Weston Bros. Leakage Indicators, 222 
Wheel(s), 

Attachment to axles, 460 

Centres, 461 

Diameter, 82 


Wheel(s), contd. 
Doyle and Brinckerhoff's keyless wheel, 460, 461 
Rotational energy of, 21 

Wilkesbarre and Hazelton Railroad, Pennsyl- 

vania, 

Method of protecting live rails, 253 
Position of conductor rails, 255 

Wilson, Prof., on Electrical and magnetie proper- 
ties of track, 281 

Wind Resistance, 11 

Winter-Hichberg type of single-phase Commuta- 
tor Motors, 898, 394, 417, 418, 422 

Wood, Inferiority of to other insulating materials, 
261 

Worsdell, W..—Motor bogie design, 494 
Brake foundation, 447, 450 

Wynne, Tractive Resistance Curves, 87 


ZOSSEN-BERLIN, see Berlin-Zossen Tests 


BRADBURY, AGNEW, & CO. LD., PRINTERS, LONDON AND TONBRIDGE, 
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